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ABSTRACT
P r e v i o u s  work on t h e  o p t i c a l  s t a b i l i t i e s  o f  s u b s t i t u t e d  
1 , 1 ' - b i n a p h t h y l s  h a s  shown t h a t  t h e  e n e r g y  o f  a c t i v a t i o n  f o r  
t h e  r a c é m i s a t i o n  o f  o p t i c a l l y  a c t i v e  1 , 1 ' - b i n a p h t h y l s  w i t h  
p l a n a r  s u b s t i t u e n t s  (-COOH, -COOCH^, -COOEt) i n  t h e  8 , 8 ' -  
p o s i t i o n s  i s  a l m o s t  i d e n t i è a l  w i t h  t h a t  o f  u n s u b s t i t u t e d  
1 , 1 ' - b i n a p h t h y l • 8 *- M e t h y l - 1 , 1 * - b i n a p h t h y l - 8 - c a r b o x y l i c a c i d
h a s  b e e n  p r e p a r e d ,  r e s o l v e d  and  i t s  A r r h e n i u s  p a r a m e t e r s  and  
t r a n s i t i o n  s t a t e  t h e o r y  f u n c t i o n s  f o r  r a c é m i s a t i o n  d e t e r m i n e d .  
The v a l u e s  o f  E, A , A F ^ , A H ^ ,  a n d A S ^  a r e  r e m a r k a b l y  
c l o s e  t o  t h o s e  o f  8 - m e t l i y l - l ,  1 ' - b i n a p h t h y l  (M, M, H a r r i s  an d  
R, Z» Mazengo,  Chem, Comm, , 1 96 7 ,  125 ;  J# Chem, S o c , C, 1 9 6 7 ,  
2575)  and  i t  i s  c o n c l u d e d  t h a t  h e r e  a g a i n  t h e  -COOH g r o u p  
o f f e r s  a  n e g l i g i b l e  s t e r i c  b a r r i e r  t o  t h e  t r a n s i t i o n  s t a t e  
f o r  r a c é m i s a t i o n .
O p t i c a l l y  a c t i v e  2 , 2 ' - d i m e t h y l - 1 , 1 ' - b i n a p h t h y l  h a s  
b e e n  s y n t h e s i s e d  and  f o u n d  t o  be  h i g h l y  o p t i c a l l y  s t a b l e ;  
t h i s  i s  e x p l a i n e d  on t h e  b a s i s  t h a t  i t s  ground s t a t e  energy  
i s  much l o w e r  t h a n  t h a t  o f  an 8 , 8 ' - s u b s t i t u t e d  1 , 1 ' - b i n a p h t h y l , 
A t t e n t i o n  was t h e n  t u r n e d  t o  an i n v e s t i g a t i o n  o f  t h e  
g r o u n d  s t a t e s  o f  c e r t a i n  o f  t h e  s u b s t i t u t e d  1 , 1 ' - b i n a p h t h y l s  
u s i n g  U , V , , N .M ,R , , I . R . ,  m ass  s p e c t r a ,  0 , R,D, a n d  C,D, 
U l t r a v i o l e t  s p e c t r a  i n d i c a t e  t h a t  t h e  8 , 8 ' - s u b s t i t u t e d  
1 , 1 ' - b i n a p h t h y l s  a r e  o v e r a l l  more  " p l a n a r "  t h a n  2 , 2 ' - s u b s t i t u t e d  
1 , 1 ' - b i n a p h t h y l s .  N u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r a , i n d i c a t e  
t h a t  t h e  s u b s t i t u e n t s  i n  t h e  2 , 2 ' - p o s i t i o n s  a r e  f u r t h e r  away
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f rom  t h e  o p p o s i t e  n a p h t h a l e n e  r e s i d u e  t h a n  i n  t h e  c a s e  w i t h  
8 , 8 ' - s u b s t i t u t e d  1 , 1 ' - b i n a p h t l i y l s ;  t h i s  i s  d e d u c e d  f rom  t h e  
g r e a t e r  s h i e l d i n g  o f  t h e  m e t l iy l  g r o u p s  i n  8 , 8 ' - s u b s t i t u t e d  
1 , 1 ' - b i n a p h t l i y l s *  M o r e o v e r ,  a s e c o n d  s u b s t i t u e n t  i n  t h e
8 , 8 ' - p o s i t i o n  r e d u c e s  t h e  o b s e r v a b l e  e f f e c t  ( s h i e l d i n g ) , .
\
p r e s u m a b l y  due  t o  g r e a t e r  d i s t o r t i o n ,  r e s u l t i n g  i n  t h e  " p u s h i n g  
away" o f  t h e  s u b s t i t u e n t  f rom  t h e  c e n t r e  o f  t h e  o p p o s i t e  
n a p h t h a l e n e  r i n g .
O.U.D. and  C.D. c u r v e s  h a v e  e n a b l e d  a s s i g n m e n t  o f  
a b s o l u t e  c o n f i g u r a t i o n s  t o  s e v e r a l  o f  t h e  1 , 1 ' - b i n a p h t h y l s .
O p t i c a l l y  a c t i v e  1 , 1 ' - b i n a p h t h y l - 8 , 8 ' - d i c a r b o x y l i c  
a c i d  h ad  n o t  p r e v i o u s l y  b e en  o b t a i n e d  f r e e  f rom  o c c l u d e d  
w a t e r ;  a  m e th o d  o f  p r e p a r i n g  t h e  a n h y d r o u s  a c i d  i n  a c r y s t a l l i n e  
s t a t e  e n a b l e d  a  c o m p a r i s o n  o f  t h e  i n f r a r e d  s p e c t r a  o f  t h e  
r a c e m i c  and  o p t i c a l l y  a c t i v e  a c i d s  t o  be  c a r r i e d  o u t .  S t r i k i n g  
d i f f e r e n c e s  i n  t h e  s p e c t r a  i n  t h e  c a r b o n y l  and  t h e  h y d r o x y l  
r e g i o n s  h a v e ,  w i t h  t h e  a i d  o f  m o l e c u l a r  m o d e l s ,  b e e n  a t t r i b u t e d  
t o  d i f f e r e n t  d e g r e e s  o f  l iy d ro g e n  b o n d i n g  i n  t h e  c r y s t a l s .
The t h e s i s  ife d i v i d e d  i n t o  s e c t i o n s ,  t h e  f i r s t  b e i n g  
a g e n e r a l  a c c o u n t  o f  e v i d e n c e  f o r  p e r i - i n t e r a c t i o n  i n  
n a p h t h a l e n e  compounds .  T h i s  i s  f o l l o w e d  by s e c t i o n s  d e s c r i b i n g  
t h e  a p p l i c a t i o n  o f  v a r i o u s  t e c h n i q u e s  i n  t h e  p r e s e n t  
i n v e s t i g a t i o n ,  e a c h  s e c t i o n  h a v i n g  i t s  s e p a r a t e  i n t r o d u c t i o n .
%THE OBJECT OF THIS WORK.
P r e v i o u s  work on t h e  1 , 1 ' - b i n a p h t h y l s  m a i n l y  i n v o l v e d  
i n v e s t i g a t i o n s  o f  t h e  o p t i c a l  s t a b i l i t i e s  o f  t h e s e  compounds »
To f u r t h e r  t h e s e  i n v e s t i g a t i o n s ,  8 * - m e t l i y l - l ,  1 ' - b i n a p h t h y l -
\
8 - c a r b o x y l i c  a c i d  was p r e p a r e d  and  r e s o l v e d  and  i t s  A r r h e n i u s  
p a r a m e t e r s  and  t r a n s i t i o n  s t a t e  t h e o r y  f u n c t i o n s  f o r  
r a c é m i s a t i o n  com p ared  w i t h  t h o s e  o f  8 - r a e t b y 1 - 1 , 1 ' - b i n a p h t h y l .
S t a b i l i t y  t o  r a c é m i s a t i o n  i s  c o n c e r n e d  w i t h  t h e  g r o u n d  
s t a t e  a s  w e l l  a s  t h e  t r a n s i t i o n  s t a t e  f o r  t h e  r a c é m i s a t i o n .
I t  i s ,  h o w e v e r ,  n o t  p o s s i b l e  t o  s t u d y  t h e  t r a n s i t i o n  s t a t e  
f o r  r a c é m i s a t i o n ,  a l o n e .  M o r e o v e r ,  t h e  d i f f e r e n c e s  i n  t h e  
o p t i c a l  s t a b i l i t i e s  o f  c e r t a i n  1 , 1 ' - b i n a p h t h y l s  was t a k e n  
t o  be  due  l a r g e l y  t o  d i f f e r e n c e s  i n  t h e  g r o u n d  s t a t e s  o f  
t h e s e  m o l e c u l e s .  I t  was t h e r e f o r e  c o n s i d e r e d  d e s i r a b l e  t o  
s t u d y  t h e  g r o u n d  s t a t e  o f  t h e  1 , 1 ' - b i n a p h t h y l s  i n  t h e  s o l i d  
fo rm  and i n  s o l u t i o n  u s i n g  a l l  a v a i l a b l e  s p e c t r o s c o p i c  
t e c h n i q u e s ,  s i n c e  s p e c t r o s c o p i c  s t u d i e s  a r e  c o n c e r n e d  w i t h  
t h e  g r o u n d  s t a t e s  o f  m o l e c u l e s .
9GENERiVL INTRODUCTION. EVIDKL-ICE FOR 
peri-INTERACTION IN NAPHTHALENE DERIVATIVES
I n  some s e c t i o n s  d i s c u s s e d  i n  t h i s  t h e s i s ,  p e r i - i n t e r a c t i o n  
i n  t h e  n a p h t h a l e n e  r e s i d u e s  o f  t h e  1 , 1 ' - b i n a p h t h y l s  i s  o f f e r e d  
a s  an e x p l a n a t i o n  o f  t h e  b b s e r v e d  r e s u l t s .  T h i s  p e r i - i n t e r a c t i o n  
c a u s e s  m o l e c u l a r  d i s t o r t i o n s  i n  t h e  8 , 8 ' - d i s u b s t i t u t e d  1 , 1 * -  
b i n a p h t l i y l s .  I t  i s  t h e r e f o r e ,  a p p r o p r i a t e  t h a t  a  d i s c u s s i o n  
on m o l e c u l a r  d e f o r m a t i o n  a s  a r e s u l t  o f  p e r i - i n t e r a c t i o n  i n  
n a p h t h a l e n e  d e r i v a t i v e s ,  s h o u l d  p r e c e d e  t h e  d i s c u s s i o n s  on 
t h e  work d one  by t h e  a u t h o r .
B u lky  s u b s t i t u t i o n  a t  i n t e r f e r i n g  p o s i t i o n s  c a u s e s  
s t e r i c  s t r a i n  w h ic h  can  be  r e l i e v e d  b y :
( a )  Bond s t r e t c h i n g
(b )  I n - p l a n e  d e f l e c t i o n  o f  t h e  s u b s t i t u e n t
( c )  O u t - o f - p l a n e  d e f l e c t i o n  o f  t h e  s u b s t i t u e n t
(d)  A d i s t o r t i o n  o r  b u c k l i n g  o f  t h e  n u c l e u s  i t s e l f .
Bond s t r e t c h i n g ,  w h ic h  o b e y s  H o o k e ' s  q u a d r a t i c  l a w  (K. Mi s l o w .  
I n t r o d u c t i o n  t o  S t e r e o c h e m i s t r y ,  B e n ja m in  I n c . ,  New Y o rk ,  1 9 6 5 ) ,  
ho w e v e r  s m a l l ,  i s  a s s o c i a t e d  w i t h  l a r g e  am o u n ts  o f  e n e r g y ,
and  f o r  t h i s  r e a s o n  i t  can  be  e x c l u d e d .  ^ f h e th e r  o n e  o r  m ore  
o f  t h e  o t h e r  modes o f  r e l i e f  o f  s t e r i c  c o m p r e s s i o n  o p e r a t e  
i n  a g i v e n  m o l e c u l e  w i l l  d e p e n d  on t h e  e x t e n t  o f  t h e  s t e r i c  (
c o m p r e s s i o n  i n  t h a t  m o l e c u l e .  " D e c e n t r a l i s a t i o n  o f  s t e r i c
i
s t r a i n "  (R .L ,  Avoyon,  A . I .  K i t a i g o r o d s k i i  a n d  Yu. T. S t r u c h l t o v ,  i
1
J .  S t r u c t .  Chem., U . S . S . R . ,  1 9 6 3 ,  4 ,  581)  o r  " d i s t r i b u t i o n  i—* ■ " *" ‘ . r
l O
o v e r  many c o o r d i n a t e s ” (C.A. C o u l s o n ,  I n d . Chim. B e l ^ e . 1 9 6 3 ,  
2 8 , 1 4 9 ) r e f e r s  t o  t h e  r e l i e f  o f  s t r a i n  by a  m u l t i p l i c i t y  
o f  t h e s e  a to m i c  m o t i o n s .  T h e re  a r e  f e w e r  r e p o r t e d  c a s e s  o f  
n u c l e a r  d i s t o r t i o n s .  Ifhen t h i s  o c c u r s  t h e r e  i s  l o s s  i n
r e s o n a n c e  e n e r g y  due  to  t h e s e  n u c l e a r  d i s t o r t i o n s  and
\
d e v i a t i o n s  o f  s u b s t i t u e n t s  f rom  t h e  meaji m o l e c u l a r  p l a n e ,  
and  t h i s  c o m p e te s  w i t h  t h e  d e c r e a s e  i n  s t e r i c  s t r a i n  e n e r g y .  
R e so n a n c e  o f  t h e  s u b s t i t u e n t  w i t h  t h e  a r o m a t i c  s k e l e t o n  
t r i e s  t o  k e e p  t h e  m o l e c u l e  p l a n a r ,  w h e r e a s  s t e r i c  r e p u l s i o n  
due  t o  n o n b o n d e d  a tom s t e n d  t o  c a u s e  d e v i a t i o n  f rom  p l a n a r i t y
PHYSICAL EVIDENCE:
1 .  C r y s t a l  s t r u c t u r e:
The n a p h t h a l e n e  m o l e c u l e ,  1 ,  h a s  a  p l a n a r  s t r u c t u r e  
( C . A .C o u l s o n ,  R .D a u d e l  and  J . M . R o b e r t s o n ,  P r o c . Roy . S o c . 
(L ondon)  19 5 1 ,  A2079 306) w i t h  bond  a n g l e s  and  b o n d  l e n g t h s  
a c c u r a t e l y  d e t e r m i n e d  ( D . W . J . C r u i c k s h a n k ,  A c t a  C r y s t . , 1957
1 0 , 5 0 4 ) .
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The d i s t a n c e  b e tw e e n  p e r i - p o s i t i o n s  i s  o n l y  a b o u t  2 . 4 - 2 . 5 Â .
I n  a r o m a t i c  m o l e c u l e s ,  t h e  n o r m a l  n o n b o n d e d  H H d i s t a n c e
i s  2 . 4 - 2 . 5À and  t h e  n o n b o n d e d  C C d i s t a n c e  i s  a p p r o x i -
m a t e l y  3 .0 Â .  T h e r e f o r e  any s u b s t i t u e n t  o t h e r  t h a n  h y d r o g e n  
i n  p e r i - p o s i t i o n s  i n  t h e  n a p h t h a l e n e  m o l e c u l e  w i l l  i n t r o d u c e  
s t e r i c  i n t e r a c t i o n .  C r y s t a l i o g r a p h i c  s t u d i e s  o f  1 - m o n o s u b s -  
t i t u t e d  and 2 - m o n o s u b s t i t u t e d  n a p h t h a l e n e s  h a v e  r e v e a l e d  t h e  
n a t u r e  o f  p e r i - i n t e r a c t i o n  i n  t h e s e  m o l e c u l e s  and  t h e
m echanism  by w h ic h  t h e  s t e r i c  s t r a i n  i s  r e l i e v e d .  I n
1 - s u b s t i t u t e d  n a p h t h a l e n e s ,  t h e r e  i s  i n - p l a n e  a n d / o r  o u t - o f ­
p l a n e  d e f o r m a t i o n s  o f  s u b s t i t u e n t s  b e c a u s e  o f  p e r i - h y d r o g e n  
i n t e r a c t i o n ,  w h e r e a s  i n  2 - s u b s t i t u t e d  n a p h t h a l e n e s  t h e s e  
d e f o r m a t i o n s  a r e  l a c k i n g .  2 - N a p h t h o i c  a c i d  ( J .  T r o t t e r ,
A c t a  C r y s t . , 196 1 ,  W ,  101)  and  2 , 6 - d i c h l o r o n a p h t h a l e n e
( T . L . K h o t s y a n o v a  and  Y u . T . S t r u c h k o v ,  J .  S t r u c t . Chem. U . S . S . R . ,  
1 96 4 ,  2 ,  375)  h a v e ^ f o u n d  t o  be  p l a n a r .  I n  1 , 3 - d i c h l o r o - ( J .  
T r o t t e r ,  Can. J .  Chem. , 1961 ,  39., 1964)  and  1 , 4 - d i b r o m o -
n a p h t h a l e n e  ( J .  T r o t t e r ,  Can. J .  Chem. , 196 1 ,  39.» 157 4 )  t h e
(x-halo  s u b s t i t u e n t s  u n d e r g o  an o u t - o f - p l a n e  d e v i a t i o n  o f  
0 . 3 - 0 . 4 Â ,  w h ic h  i s  s i g n i f i c a n t .
With b u l k i e r  1 - s u b s t i t u e n t s ,  t h e  d i s t o r t i o n s  a r e  more  
s i g n i f i c a n t .  J . T r o t t e r  (A c t a . C r y s t . . 1 960 ,  13., 7 3 2 )  f o u n d  
t h a t  i n  1- n a p h t h o i c  a c i d ,  I I ,  t h e  c a r b o x y l  g r o u p  i s  t w i s t e d ,  
t h e  oxygen  a tom s l y i n g  a t  mean d i s t a n c e s  o f  0 .2 Â ,  one  a b o v e  
and  a n o t h e r  b e lo w  t h e  mean p l a n e .  The a n g l e  b e tw e e n  t h e  
a r o m a t i c  and  c a r b o x y l  p l a n e  i s  1 1 ° .  T h i s  p a r t l y  r e l i e v e s  
t h e  s t e r i c  s t r a i n .  T h e re  i s ,  i n  a d d i t i o n , '  a  s l i g h t  i n - p l a n e
d i s p l a c e m e n t  o f  t h e  ( C ^  CO^H) bond  away f rom  t h e  p e r i -
p o s i t i o n  and  a  r e d u c t i o n  i n  t h e  O-C-0 a n g l e  f rom  a p p r o x i ­
m a t e l y  120° t o  1 1 0 ° .
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W ith  t h e  more b u l k y  s u b s t i t u e n t  i n  1 , 1  *- b i n a p h t h y l  ,i t h e
i n t e r p l a n a r  a n g l e  i s  e s t i m a t e d  a s  73°  (W.A*G.Brown, J * T r o t t e r
and  J . M . R o b e r t s o n ,  P r o c . Chem. S o c . ,  1961 ,  1 1 5 ) * .  J .  T r o t t e r
. *
(A c t a  C r y s t . , 1960 ,  ] J ,  9 5 )by  s t u d y i n g  t h e  s t r u c t u r e  o f  1 , 5 -  
d i n i t r o n a p h t h a l e n e ,  111 ,  h a s  f o u n d  t h a t  t h e  m o l e c u l e  a s  a  
w h o le  d e v i a t e s  c o n s i d e r a b l y  f rom  p l a n a r i t y  ev en  t h o u g h  t h e  
n a p h t h a l e n e  r i n g  i t s e l f  r e m a i n s  p l a n a r .
The n i t r o  g r o u p s  u n d e r g o  an o u t - o f - p l a n e  t w i s t i n g  o f  49
*(rhe s p e c im e n  o f  1 , 1  * - b i n p p h t h y l  u s e d  i n  t h i s  d e t e r m i n a t i o n  
h a d  m .p .  1 4 8 - 1 4 9 ° .  I . B a d a r ,  Chau Cheung K in g  L i n g ,  A .S .C o o k e  
and  M ,M .H a r r i s  ( J .  Chem. S o c . , 19 6 5 ,  1543)  o b t a i n e d  t h e  
compound i n  two d i s t i n c t  c r y s t a l l i n e  fo rm s  o f  m . p . 1 4 4 . 5 - 1 4 5 °
and  1 5 7 - 1 5 9 ° •  Hence i t  i s  d o u b t f u l  w h e t h e r  o r  n o t  t h e  
I c T y s t a l s  u s è d  by : Brown and c o w o r k e r s  w e re  o f  one  f o r m .
T h e i r  r e s u l t s  can  t h e r e f o r e  be  t a k e n  a s  o n l y  a p p r o x i m a t ^
by r o t a t i o n  a b o u t  t h e  C-N b on d .  The C-N bond  i s  a l s o  
d i s p l a c e d  w i t h i n  t h e  m o l e c u l a r  p l a n e ,  t h u s  r e d u c i n g  t h e  
e x o c y c l i c  v a l e n c y  a n g l e s  t ô  1 1 4 ° .  T hese  s l i g h t  i n - p l a n e  
d i s p l a c e m e n t s  e f f e c t i v e l y  r e d u c e  t h e  e d t e n t  o f  t h e  i n t e r p l a n a r  
t w i s t i n g  o f  t h e  n i t r o  g r o u p  t o  49° a s  c o n t r a s t e d  t o  65° i n  
n i t r o m e s i t y l e n e ,  9 - n i t r o a n t h r a c e n e ,  and  9 , 1 0 - n i t r o a n t h r a c e n e .
I n  1 , 8 - d i n i t r o n a p h t h a l e n e ,  IV, s t e r i c  i n t e r a c t i o n s  a r e  
e x p e c t e d  t o  be  even  g r e a t e r .
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I f  t h e  m o l e c u l e  w e re  e n t i r e l y  p l a n a r ,  t h e  n o n b o n d e d  0 ------- 0
I
d i s t a n c e  w ould  be a p p r o x i m a t e l y  0 .5 Â  a s  a g a i n s t  t h e  n o r m a l  
d i s t a n c e  o f  2.5À* The s t e r i c  i n t e r a c t i o n  h e r e  i s  r e d u c e d . b y :
1) R o t a t i o n  o f  t h e  n i t r o  g r o u p  a b o u t  t h e  C-N a x i s  by 
45° i n  one  d i r e c t i o n .
2) S p l a y i n g  a p a r t  o f  t h e  C-N b onds  t o  i n c r e a s e  t h e
N N d i s t a n c e  t o  2 .9 3 Â  f rom  2 .2 4 Â  i n  a  h y p o t h e t i c -
' /  a l l y  p l a n a r  m o d e l .
3) D e v i a t i o n s  o f  t h e  C-N b o nd s  from t h e  a r o m a t i c  p l a n e  
by 0 . 37Â i n  o p p o s i t e  d i r e c t i o n s  and
14- •
4 ) F o r c i n g  o f  t h e  c a r b o n  a tom s  a t t a c h e d  t o  t h e  n i t r o
1
g r o u p s  o u t  o f  t h e  p l a n e  o f  t h e  m o l e c u l e  i n  t h e  
d i r e c t i o n  o f  t h e  s u b s t i t u e n t s  r e s u l t i n g  i n  s l i g h t
PiKof>jcx,^
n u c l e a r  d i s t o r t i o n s  (A r -d e -  A g u ia r^ —B o r . ,—187-4-7—V,
- (A S S  ^ ^ , 9 - ^ 7  -
3G4T-)
A s t u d y  o f  3 - b r o m o - l , 8 - d i m e t h y 1 - n a p h t h a l e n e ,  V, (M .D .Ja m e so n  
a n d  B . R , P e n f o l d ,  J .  Chem. S o c . , 1 9 6 5 ,  528)  h a s  p r o v e d  v e r y  
i n t e r e s t i n g  i n  t h a t  t h e  o b s e r v e d  bond  l e n g t h s  i n  t h e  m o l e c u l e  
a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  t h o s e  i n  s i m i l a r  
e n v i r o n m e n t s .
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The p e r i - m e t h y l  g r o u p s  a r e  p u s h e d  a p a r t  by 0 . 42À w i t h i n  t h e  
a r o m a t i c  p l a n e  by a  4° i n - p l a n e  b e n d i n g  o f  C-CH^ b o n d s .  T h i s  
c a u s e s  d e f o r m a t i o n  o f  bond a n g l e s  i n  t h e  n a p h t h a l e n e  p o r t i o n  
o f  t h e  m o l e c u l e  ( / C g C ^ C j = 1 2 6 . 8 ° , / . C ^ C j p C g = 1 1 7 . 4 ” ,
Z c ^ g C i 09= 1 2 2 . 9  J /  0^(g0g09= 1 2 4 . 2 ° ) .  The n o n b o n d e d  d i s t a n c e  
b e tw e e n  t h e  m e t h y l  g r o u p s  i s  i n c r e a s e d  f rom  2 . 4 4 Â ( t h a t
b e tw e e n  C^—---- C^) t o  2 . 56Â. How ever ,  t h e  bond  a n g l e s  i n  r i n g
A do n o t  show any ' . l a r g e  v a r i a t i o n  w h e r e a s  t h o s e  i n  r i n g  B 
show t h i s  v a r i a t i o n  c o n s i d e r a b l y .  T h i s  i s  a t t r i b u t e d  t o  a 
b u c k l i n g  o f  r i n g  A t h u s  e n a b l i n g  bond  a n g l e s  i n  i t  t o  r e m a i n  
m ore  o r  l e s s  u n a f f e c t e d .  The h e a v y  b r o m in e  a tom i n  r i n g  B
m i l i t a t e s  a g a i n s t  any b u c k l i n g  o f  t h e  r i n g ,  w h i c h  w o u ld  c a u s e  
n o n - p l a n a r i t y  o f  t h a t  r i n g .  However ,  t h i s  i n t r o d u c e s  a n g l e  
s t r a i n  i n  r i n g  B,
Work on 1 , 4 , 5 , 8 - t e t r a c h l o r o n a p h t h a l e n e ,  V I ,  (M .A .D avydova  
an d  Y u . T . S t r u c h k o v ,  J .  S t r u c t . Chem. U . S . S . R . ,  1 9 6 1 ,  £ ,
63 ,  M .A .Davydova  and  Yu, T. S t r u c h k o w .  J .  S t r u c t . Chem. ,
U . S . S . R .  19 62 ,  3 ,  202;  1965 ,  6 ,  98 ;  an d  G . G a f n e r  a n d  F . H . H e r b -  
s t e i n ,  A c t a  C r y s t . $ 1962 ,  1 ^ ,  1081)  h a s  shown t h a t  t h e  m e c h a n i sm  
f o r  t h e  r e l i e f  o f  s t e r i c  s t r a i n  i n  t h i s  m o l e c u l e  i s  s i m i l a r  
t o  t h a t  i n  1 , 8 - d i n i t r o n a p h t h a l e n e * .
V I
The s t e r i c  s t r a i n ,  a s  shown by o b s e r v e d  bond  l e n g t h s  and  bond  
a n g l e s ,  i s  s p r e a d  o v e r  t h e  e n t i r e  m o l e c u l e  a nd  s t e e p l y  d e c r e a s e s  
w i t h  i n c r e a s i n g  d i s t a n c e  f rom  t h e  s i t e  o f  i t s  o r i g i n .  I n - p l a n e  
b e n d i n g  o f  t h e  p e r i - h a l o g e n s  i s  r e s t r i c t e d  by p - h y d r o g e n  a to m s  
The m a j o r  r e l e a s e  o f  t h e  van  d e r  Waals  s t r a i n ,  t h e r e f o r e ,  i s  ;
a p r o p e l l e r - l i k e  I a r r a n g e m e n t  o f  t h e  C-Cl b o n d s .  The c a r b o n  !
a to m s  c a r r y i n g  t h e  h a l o g e n s  a r e  a l s o  f o r c e d  i n  t h e  d i r e c t i o n  o f  
t h e  d i s p l a c e d  h a l o g e n s  and  t h e  n u c l e u s  t h u s  a s s u m e s  a  c h a i r -  ,
l i k e  c o n f o r m a t i o n .  The e l a s t i c i t y  o f  t h e  n a p h t h a l e n e  f r a m e w o r k
IG
a l l o w s  n u c l e a r  d i s t o r t i o n s  t h e r e b y  d e c r e a s i n g  t h e  -------
d i s t a n c e  t o  2.7651 f rom  t h e  n o r m a l  d i s t a n c e  o f  2 . 9 0 ^  i n  
n a p h t h a l e n e .  A c o m p a r i s o n  b e tw e e n  t h i s  m o l e c u l e  and  
5 ^ 6 - d i c h l o r o a c e n a p h t h a l e n e ,  V I I ,  i s  i n t e r e s t i n g .
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The d i m e t h y l e n e  b r i d g e  a c r o s s  one  s e t  o f  p e r i - p o s i t i o n s  p u l l s
t h e s e  c a r b o n  a to m s  t o g e t h e r ,  t h u s  w i d e n i n g  t h e  a n g l e s  a t  t h e
o t h e r  end (T.W.C.Mak and  J .  T r o t t e r ,  A c ta  C r y s t . g 1 7 , 3 6 7 ;
1 9 6 3 ,  1 ^ ,  1 0 3 2 ) .  Hence t h e r e  i s  a g r e a t e r  i n - p l a n e  d i s p l a c e m e n t
f
o f  t h e  h a l o g e n s  an d  a s m a l l  o u t - o f - p l a n e  d e v i a t i o n  ( 0 .0 5 Â  a s  
co m p ared  t o  0 .1 8 Â  i n  1 , 4 , 5 , 8 - t e t r a c h l o r o n a p h t h a l e n e ) .
An i n t e r e s t i n g  c o m p a r i s o n  i s  a l s o  p r o v i d e d  by t h e  bond  
a n g l e s  and  d i s t a n c e s  o b s e r v e d  f o r  a c e n a p h t h e n e ,  V I I I ,  i t s
I
5 , 6 - d i c h l o r o - ,  IX,  and  5 - c h l o r o - 6 - b r o m o - ,  X, d e r i v a t i v e s .
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C hanges  a t e  o b s e r v e d  i n  C^-C^^^ and  l e n g t h s .  The
^ l ~ ^ l a  l e n g t h  d e c r e a s e s  s t e a d i l y  w h e r e a s  t h e
i n c r e a s e s  i n  l e n g t h .  A l e s s  s i g n i f i c a n t  i n c r e a s e  i s  n o t i c e d  
i n  t h e  C^-Cy bond  l e n g t h .  How ever ,  bond  a n g l e s  i n v o l v i n g  
c a r b o n - h a l o g e n  b o n d s  show^ d r a m a t i c  c h a n g e s .  As t h e  p e r i -  
s u b s t i t u e n t  i n c r e a s e s  i n  s i z e ,  t h e  ^ 5^ 10^6  ^ w i d e n s .  The
c a r b o n - h a l o g e n  b o n d s  i n  t h e s e  m o l e c u l e s  and  s e v e r a l  o t h e r  
s t e r i c a l l y  h i n d e r e d  m o l e c u l e s  a r e  g e n e r a l l y  l o n g e r  t h a n  t h e
■halogen b o n d s .  T h i s  i s  s u g g e s t e d  t o  be  duen o r m a l
t o  a w e a k e n in g  o f  c o n j u g a t i o n  o f  t h e  h a l o g e n  a to m s  w i t h  t h e  
a r o m a t i c  r i n g  (R .L .A v o y a n  and  X u . T . S t r u c h k o v ,  J .  S t r u c t .
Chem. $ U . S . S . R ,  1 9 6 3 ,  4 ,  578;  R .L .A v o y a n ,  A . I . K i t a i g o r o d s k i i  
and  Xu. T. S t r u c h k o w ,  J .  S t r u c t . Chem.,. U . S . S . R .  1 9 6 4 ,  2?
390 ;  G .G a f n e r  and  F . H . H e r b s t e i n ,  A c t a  C r y s t . . 1 9 6 0 ,  3 3 ,  7 0 6 ) .
G .G a f n e r  and  F . H . H e r b s t e i n  (N a t u r e , 1 9 6 3 ,  2 0 0 , 1 3 0 )  
h a v e  r e p o r t e d  a  t h r e e - d i m e n s l b f l h l  X - r a y  a n a l y s i s  o f  
o c t a c h l o r o n a p h t h a l e n e ,  X I ,
Xf
%D e v i a t i o n s  o f  t h e a tom s  f rom  t h e mean m o l e c u l a r  p l a n e  ( i n  Â)=
- 0 . 2 0 • C l i - 0 . 6 0
- 0 . 1 3 * —0 . 4 —
S +0 . 1 1 CI3 +0 . 4 0
^4 +0 . 2 2 \
C I4 + 0 .7 5
s —0 . 2 4 ' C I5 - 0 . 7 9
^6 - 0 . 1 4 - 0 . 3 7
+0 . 1 4 Cly + 0 .4 7
% + 0 .2 0 Gig + 0 . 5 4
S - 0 . 2 0
ClO + 0 .0 1
As a  r e s u l t  o f  t h e s e  m u l t i p l e  d i s p l a c e m e n t s  o f  t h e  s u b s t i t u e n t s  
and  t h e  n u c l e a r  c a r b o n  a to m s ,  t h e  m o l e c u l e  i s  s e v e r e l y  d e f o r m e d .  
The a -  and  p - c h l o r i n e s  a r e  d i s p l a c e d  o u t - o f - ÿ l a n e  i n  t h e  
same d i r e c t i o n  by 0 . 5 4 - 0 . 7 9 Â  and  0 . 3 7 - 0 . 4 7 2 .  r e s p e c t i v e l y  and  
t h e  o u t - o f - p l a n e  d i s p l a c e m e n t  o f  e a c h  c a r b o n  a tom  i s  a b o u t  a 
t h i r d  a s  much and  i h  t h e  same d i r e c t i o n  a s  i t s  h a l o g e n  s u b s t i -  
t e n t .  The m o l e c u l e  a l s o  t a l t e s  up  a p r o p e l l e r - l i k e  c o n f o r m a t i o n  
The n o n - b o n d e d  c h l o r i n e s  a r e  a p p r o x i m a t e l y  ^ . O Â  a p a r t .
The a b o v e  r e s u l t s  s u g g e s t  a  n e e d  f o r  r e v i s i o n  o f  t h e  
f i n d i n g s  o f  D .M .D o n a ld s o n  and  J . M . R o b e r t s o n ,  ( J .  Chem. S o £ . , 
195 3 ,  1 7 ) r e g a r d i n g  t h e  m o l e c u l a r  s t r u c t u r e  o f  o c t a r a e t h y l n a p -  , 
h t h a l e n e .  T h e s e  w o r k e r s  s u g g e s t ,  on t h e  b a s i s  o f  a t w o -
I
d i m e n s i o n a l  X - r a y  a n a l y s i s  t h a t  t h e  a - m e t h y l  g r o u p s  u n d e r g o  {
: J
an  o u t - o f - p l a n e  d i s p l a c e m e n t  o f  0 .7 3 Â  c o r r e s p o n d i n g  t o  a  28®  , j
d e v i a t i o n  o f  t h e , ^ C ^  CH^ b o n d .  The @ -m ethy l  g r o u p s  a l s o  i
11 ' ' !
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d e v i a t e  by 0 . 2 5 - 0 . 40Â from  p l a n a r i t y .  I n  a d d i t i o n  t h e s e
b o n d s  u n d e r g o  a s l i g h t  i n - p l a n e  d i s p l a c e m e n t .  H ow ever ,
a d j o i n i n g  m e t h y l  g r o u p s  d e v i a t e  i n  o p p o s i t e  d i r e c t i o n s ,  o n e  
a n d
a b o v e ^ t h e  o t h e r  b e lo w  t h e  p l a n e  o f  t h e  m o l e c u l e .  The r e s u l t s  
s u g g e s t ,  b u t  do n o t  g i v e  c o n c l u s i v e  e v i d e n c e ,  t h a t  t h e r e  a r e
I \
s l i g h t  n u c l e a r  d i s t o r t i o n s .  Hence  an e l a b o r a t e  s o l u t i o n  
s h o u l d  a w a i t  f u r t h e r  work on t h e  m o l e c u l e .  I t  i s  n o t  p o s s i b l e  
t o  malte a  p r e c i s e  c r y s t a l  s t r u c t u r e  a n a l y s i s  d ue  t o  t h e
d i f f i c u l t y  i n  o b t a i n i n g  c r y s t a l  o f  a è u i i a b l e - s i z e #  ‘ To r e t a i n
2t h e  t r i g o n a l  sp  g e o m e t r y  a t  e a c h  c a r b o n  a to m ,  t h e  n u c l e a r  
c a r b o n  a tom s h a v e  t o  move i n  t h e  d i r e c t i o n  o f  t h e  m e t h y l  g r o u p s  
and  t h i s  w ou ld  mean t h a t  d e s p i t e  t h e  s e r i o u s  m o l e c u l a r  
d i s t o r t i o n ,  t h e  g e o m e t r y  a r o u n d  e a c h  n u c l e a r  c a r b o n  a tom i s  
p l a n a r .  R .L .A v o y a n ,  A. I  . K i t a i g o r o d s k i i  and  Xu. T, S t  r u e  hit ov  
(J .  S t r u c t . Chem. , U . S . S . R . ,  1 9 6 4 ,  390)  d e s c r i b e  t h i s  a s
’’t h e  a s s e m b ly  o f  c u r v e d  domes f rom  p l a n a r  t i l e s ” .
2 .  M o l e c u l a r  s p e c t r a :
( a ) U l t r a v i o l e t  s p e c t r a :
N a p h t h a l e n e  h a s  t h r e e  a b s o r p t i o n  b a n d s  w i t h  X a t  3 1 2 ,, max '
275 and  220mp, t h e  r e s p e c t i v e  v a l u e s  b e i n g  2 0 0 ,  5000 an d
1 0 0 , 0 0 0 .  I n t r o d u c t i o n  o f  s u b s t i t u e n t s  m o d i f i e s  t h e  b a n d  
p o s i t i o n s  and  i n t e n s i t i e s ,  and  t h e  s p e c t r a l  c h a r a c t e r i s t i c s  
d e p e n d  on w h e t h e r  o r  n o t  s u b s t i t u e n t s  e n t e r  i n t o  m u t u a l  
c o n j u g a t i o n  t h r o u g h  t h e  a r o m a t i c  r i n g  a nd  w h e t h e r  t h e  s y s t e m s  
a r e  homo- o r  h e t e r o n u c l e a r . When u the  s u b s t i t u e n t s  o c c u p y  I
p o s i t i o n s  l u n o e p t i b l e  t o  s t e r i c  e f f e c t s ,  i n t e r p r e t a t i o n  o f
s p e c t r a l  p a t t e r n  h a s  t o  t a l t e  t h i s  i n t o  c o n s i d e r a t i o n ,  B,D. 
P e a r s o n  ( T e t r a h e d r o n , 1961 ,  32 )  h a s  made a c a r e f u l
c o m p a r i s o n  o f  s p e c t r a l  d a t a  on a num ber  o f  m o n o s u b s t i t u t e d  
n a p h t h a l e n e s ,  and  shown t h a t  « - s u b s t i t u t i o n  c a u s e s  a  b a t h o -  
c h ro m ic  s h i f t  o f  t h e  275mp b a n d  (*La)  w h ic h  b e co m es  s u p e r i m p o s e d  
on t h e  w e a k e r  312mp b a n d  L a ) ,  and  t h a t  w i t h  (3- s u b s t i t u t i o n  
t h e  m i d d l e  b a n d  i s  u n a f f e c t e d  w h i l e  t h e  312ra|i b a n d  i s  d i s p l a c e d  
t o  l o n g e r  w a v e l e n g t h s .
I n  d i s u b s t i t u t e d  n a p h t h a l e n e s  w h e re  c o n j u g a t i o n  i s  p o s s i b l e  
a c o n j u g a t i o n  b a n d  a p p e a r s  a t  l o n g e r  w a v e l e n g t h s  ( e . g . ,  4 0 0 -  
4 40mp. i n  n i t r o n a p h t h y l a m i n e s  i n  e t h a n o l i c  s o l u t i o n ) .  The 
s h a p e  and  i n t e n s i t y  o f  t h i s  b a n d  i s  a m e a s u r e  o f  t h e  e l e c t r o n i c  
a n d  s t e r i c  e f f e c t s  i n  t h e  m o l e c u l e .
L .M oshy ,  ( J .  â m e r . Chem. S o c . , 1 9 5 3 ,  7 5 ,  3 3 4 8 )  o b s e r v e d  
t h a t  i n  t h e  s e r i e s  2 , 3 , 6 , 7 - ,  1 , 4 , 6 , 7 - ,  1 , 4 , 5 , 7 - ,  a n d  1 , 4 , 5 , 8 -  
t e t r a m e t h y l n a p h t h a l e n e ,  t h e r e  i s  a  p r o g r e s s i v e  r e d  s h i f t
Compound max max
290 6600
292 7600
Zl
CH
296 8300
308 5000
I n  1 , 4 , 5 , 8 - i e t r a m e i h y l n a p h i h a l e n e ,  t h e  m e t h y l  g r o u p s  o c c u p y
« - p o s i t i o n s  w h ic h  p o s s e s s  g r e a t e r  c o n j u g a t i v e  i n t e r a c t i o n
t h a n  t h e  p - p o s i t i o n s .  Hence t h e  p r o g r e s s i v e  o b s e r v e d  r e d  s h i f t
t h e
may be  l i n k e d  t o  p r o g r e s s i v e  o v e r c r o w d i n g  i n  t h e  p e r i - p o s i t i o n s  
m o l e c u l e .  T h i s  View i s  s u p p o r t e d  by an  even  g r e a t e r  r e d
s h i f t  f o r  o c t a m e t h y I n a p h t h a l a n e .
I
R . H u i s g e n  and  U. Reitz ( T e t r a h e d r o n , 1 95 8 ,  2, 271 )  s t u d i e d  
t h e  U.V. s p e c t r a  o f  c y c l i c  k e t o n e s  o f  t h e  t y p e  :
= o n
T h ese  compounds h a v e  an a b s o r p t i o n  b and  a r o u n d  250mp. w h ic h  
i s  b e l i e v e d  t o  a r i s e  f rom  c a r b o ^ l  g r o u p  c o n j u g a t i o n  w i t h  t h e  
a r o m a t i c  r i n g .  As one  g o e s  f r o m ’ nm5 t o  n=8 t h e  i n t e n s i t y  
o f  t h i s  a b s o r p t i o n  b a n d  becom es c o n s i d e r a b l y  r e d u c e d .  T h i s  
e f f e c t  i s  o b s e r v e d  much more  i n  t h e  n a p h t h a l e n e  s e r i e s  t h a n  
i n  t h e  b e n z e n e  a n & l o g u e s .  T h i s  d i f f e r e n c e  i s  a t t r i b u t e d  t o
s t e r i c  e f f e c t s  o f  p e r i - h y d r o g e n  i n  t h e  f o r m e r  s e r i e s .
1 - N i t r o n a p h t h a l e n e  2 4 3 ,  342rap; l o g  4 . 0 2 ,
3 . 5 9  i n  e t h a n o l )  u n d e r g o e s  a h y p s o c h r o m i c  s h i f t  by t h e
i n t r o d u c t i o n  o f  a 5 - n i t r o - g r o u p  (x 233 ,  327mu; l o g  F ^ max ' ^ *^^max
4 . 3 2 ,  3 . 8 1 ) ,  o r  8 - n i t r o - g r o u p  (x 231 ,  313mp; l o g  Ç  ' '  \  ^ max ' r-7 e,
4 . 3 2 ,  3 . 8 1 )  a s  h a s  b e e n  shown by t h e  work o f  L .H.Klemm,
J . M , S p r a g u e  and  E.Y.K.Mak ( J .  O r g . Chem. , 1 9 5 7 ,  2 ^ ,  1 6 l ) .
I n  1 , 5 - d i n i t r o n a p h t h a l e n e s  e a c h  o f  t h e  n i t r o  g r o u p s  i s  
c o u n t e r a c t i n g  t h e  c o n j u g a t i v e  a b i l i t y  o f  t h e  o t h e r  a n d  t h i s  
mokes t h e  e l e c t r o n i c  t r a n s i t i o n  d i f f i c u l t ;  w h e r e a s  i n  1 , 8 -  
d i n i t r o p a p h t h a l e n e  t h e  e f f e c t  i s  more s t e r i c  i n  n a t u r e .
V .A .K o ÿ ty u g  and  V .A .P la l th o v ,  ( J .  Gen. Chem. U . S . S . R .
1 96 2 ,  32 ,  249)  d e t e r m i n e d  t h e  a b s o r p t i o n  s p e c t r a  o f  p e r i -  
d i h a l o n a p h t h a l e n e j s  and  showed t h a t  i n  g o i n g  f ro m  1 , 8 - d i c h l o r o -  
n a p h t h a l e n e  t o  1 , 8 - d i b r o m o n a p h t h a l e n e  a  d i s t i n c t  b a t h o c h r o m i c  
s h i f t  i n  t h e  r e g i o n  250-315mp r e g i o n  i s  o b s e r v e d .
The a v e r a g e  s h i f t  i s  a b o u t  3ra(i, w h e r e a s  i n  t h e  c o r r e s p o n d i n g
1 , 7 - d i h a l o n a p h t h a l e n e s  t h e  r e d  s h i f t  i s  o n l y  Imp, s h o w in g  
t h a t  p e r i - h a l o n a p h t h a l e n e s  a r e  s t r a i n e d  s y s t e m s .
The s p e c t r a l  d a t a  o f  a z o -  and  a z o x y n a p h t h a l e n e s  (G.M. 
B a d g e r  and  R . G . B u t t e r y ,  J .  Chem. S o c . , 1 9 5 3 ,  2 1 5 6 )  a l s o  
p r o v i d e  s t r o n g  e v i d e n c e  f o r  s t e r i c  e f f e c t s  d u e  t o  p e r i -
I
s ^ b s t T t u t i o n .  I t  i s  a s su m ed  t h a t  t h e s e  a r e  a l l  t r a n s .  I n
£.5  ’
I
e t h a n o l i c  s o l u t i o n s ,  a r o m a t i c  azo  compounds h a v e  a s t r o n g
c o n j u g a t i o n  ban d  a r o u n d  320-380m p.  The K b a n d  p o s i t i o n s  
t h e s e  compounds a r e  i n  t h e  o r d e r  :
a z o b e n z e n e  ^ 3 0 t o l u e n e  ^ 2 , 2 * - a z o n a p h t h a l e n e  < ^ 1 ,1 * -  
a z o n a p h t h a l e n e  ( t a b l e  b e l o w ) .
K b an d  o f  azo  and a z o x y  d e r i v a t i v e s  i n  e t h a n o l
Compound ^max
A z o ben zen e 318 4 . 3 2
- 2 , 2  *- A z o t o l u e n e 332 4 . 2 4
2 , 2 * - A z o n a p h t h a l e n e 335 4 . 3 7
1 , 1 * - A z o n a p h t h a l e n e 400 4 . 2 1
A z o x y b en z en e , 323 . 4 . 1 6
2 , 2  *- A z o x y t o l u e n e 313 3 . 9 6
2 , 2 * - A z o x y n a p h t h a l e n e 346
1 , 1  *- A z o x y n a p h t h a l e n e 364 4 . 0 6
I n c r e a s i n g  c o n j u g a t i o n  s h i f t s  t h e  K b a n d  t o  l o n g e r  w a v e l e n g t h s .  
B u t  w i t h  c o r r e s p o n d i n g  azo x y  compounds t h e  ordesJ i s  d i f f e r e n t .  
P a s s i n g  f rom a z o b e n z e n e  o r  2 , 2 * - a z o n a p h t h a l e n e  t o  t h e  a z o x y  
compound shows a b a t h o c h r o m i c  s h i f t  w h e r e a s  a  s i m i l a r  c h a n g e  
f rom  2 , 2 * - a z o t o l u e n e  o r  1 , 1 * - a z o n a p h t h a l e n e  t o  t h e  a z o x y  
compound c a u s e s  a b l u e  s h i f t .  T h i s  i n d i c a t e s  t h a t  s t e r i c  
e f f e c t s  a r e  i m p o r t a n t  i n  t h e  1 , 1 * - a z o x y n a p h t h a l e n e  b u t  n o t  
i n  t h e  azo  compound.
2 4
/ I
A z o n a p h t h a l e n e A z o x y n a p h t h a l e n e
I t  i s  p o s s i b l e  t h a t  t h e  o v e r l a p  o f  t h e  p e r i - h y d r o g e n  w i t h  
a z o x y  o xy g en  i s  more  t h a n  t h a t  b e tw e e n  t h e  p e r i - h y d r o g e n  and  
azo  n i t r o g e n  and  p e r h a p s  c h a n g e s  t h e  p r e f e r r e d  c o n f o r m a t i o n  
a b o u t  t h e  C-N b o n d s  @
T h ese  a r e  b u t  a few o f  t h e  e x a m p le s  o f  t h e  U.V* 
s p e c t r o s c o p i c  work done  on p e r i - s u b s t i t u t e d  n a p h t h a l e n e s  t h a t  
g i v e  e v i d e n c e  on , the  s t r a i n e d  n a t u r e  o f  t h e s e  c o m po u nd s .
(b ) N u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r a s 
A p a r t  f rom  u s i n g  N.M.R. i n  s t r u c t u r a l  a n a l y s i s  t h e  
o r g a n i c  c h e m i s t  h a s  a p p l i e d  t h i s  m e th o d  i n  s t u d i e s  o f  i n t r a ­
m o l e c u l a r  i n t e r a c t i o n s  i n  p e r i - s u b s t i t u t e d  n a p h t h a l e n e s .
The n a p h t h a l e n e  m o l e c u l e  h a s  a s p e c t r u m  w i t h  a -  and  
p -  p r o t o n  r e s o n a n c e  s i g n a l s  a t  r 2 . 2 0  and  Y* 2 . 5 6  r e s p e c t i v e l y  
( D . C . P . G a r b u t t ,  K . G . R . P a û h l è r i a n d  J . R . P a r i s h ,  J .  Chem. S o c . ,  
1 9 6 5 ,  2 3 2 4 ) .  However ,  i n  t h e  p r e s e n c e  o f  o t h e r  s u b s t i t u e n t s  
i n  t h e  n a p h t h a l e n e  n u c l e u s ,  t h e  r e s o n a n c e  p o s i t i o n s  o f  t h e
2.5"
r e m a i n i n g  p r o t o n s  a r e  a f f e c t e d .
G .O .D udek ,  ( S p e c t r o c h i m . A c t a , 1 9 6 3 ,  3 ^ ,  6 9 1 ) ,  P .R .
W e l l s  (A u s t r a l i a n  J .  Chem. , 19 64 ,  17 ,  967)  a n d  P . R . W e l l s  
an d  P . G . E . A l c o r n  ( A u s t r a l i a n  J .  Chem. , 1 9 6 3 ,  1 ^ ,  1 1 0 8 )  h a v e  
o b s e r v e d  a s i g n i f i c a n t  d e s h i e l d i n g  w h ic h  r e s u l t s  f rom  p e r i -  
e f f e c t s .  The p e r i - p r o t o n  i n  1 - n i t r o n a p h t h a l e n e  a p p e a r s  a t  
t ' 1 . 6 4  a s  com p ared  t o  T  2 . 2 0  f o r  t h e  p e r i - p r o t o n  i n  n a p h t h a l ­
ene  i t s e l f *  I n t r o d u c i n g  a m e t h y l  g r o u p  o r t h o  t o  t h e  n i t r o  
g r o u p  i . e . ,  l - n i t r o - 2 - m e t h y l n a p h t h a l e n e ,  s h i f t s  t h e  p e r i -  
p r o t o n  s i g n a l  t o  T  2 . 2 3  a s  a g a i n s t  a  c a l c u l a t e d  v a l u e  o f  
Y' 1 . 6 9 .  Hence t h e  d e s h i é l d i n g  o f  t h e  p e r i - p r o t o n  i n  1 -  
n i t r o n a p h t h a l e n e  i s  due  t o  t h e  n i t r o  g r o u p .  The r e v e r s a l  
o f  t h e  c h e m i c a l  s h i f t  i n  p a s s i n g  f rom  1 - n i t r o n a p h t h a l e n e  t o
l - n i t r o - 2 - m e t h y l n a p h t h a l e n e  i s  a r e s u l t  o f  t h e  n o n - p l a n a r  
t w i s t i n g  o f  t h e  1 - n i t r o  g r o u p .
G.O.Dudek ( S p e c t r o c h i m . A c t a , 196 3 ,  l ^ ,  691)  h a s  shown 
t h a t  a - s u b s t i t u e n t a e . g . ,  OH, OCH^ and  NH^ c o n s i d e r a b l y  
d e s h i e l d  p e r i - p r o t o n s ,  Which p r e f e r  t h e  t r a n s - a r r a n g e m e n t  
o f  t h e s e  s u b s t i t u e n t s .  U nd e r  s u c h  c o n d i t i o n s  t h e  p e r i -  
h y d r o g e n  w ou ld  b e , w i t h i n  2 .4 0 Â  f rom  t h e  l o n e - p a i r  e l e c t r o n s  
on t h e  a d j a c e n t  o x ygen  o r  n i t r o g e n .  T h i s  c a n  be  s e e n  a s  
a  t y p e  o f  h y d r o g e n  bond (n o r m a l  H-bond  d i s t a n c e  i s  2 .7 0 À )  
and  t h i s  w ou ld  r e a d i l y  e x p l a i n  t h e  d o w n f i e l d  s h i f t  o f  t h e  
p e r i - p r o t o n  s i g n a l .  The e x t r a  p r o x i m i t y  o f  t h e  p e r i - p r o t o n s ,
. by  y i r t u e  o f  t h e i r  f i x e d  g e o m e t r y  c o m p e n s a t e s  f o r  t h e  
n o r m a l l y  p o o r  a c c e p t o r  a b i l i t y  o f  t h e  a r o m a t i c  h y d r o g e n .
A r o m a t i c  and  m e t h y l  p r o t o n  c h e m i c a l  s h i f t s  i n  d i m e t h y l -
26
n a p h t h a l e n e s  a l s o  show a n o t i c e a b l e  v a r i a t i o n :
P r o t o n  c h e m i c a l  s h i f t s  i n  d i m e t l \ y l n a p h t h a l e n e s .
(C. MacLean and  E .L .M a c k o r ,  M o l . P h y s . , 1 9 6 0 ,  2 2 3 ) .
Compound ^
D i m e t h y l n a p h t h a l e n e  R ing  a - p r o t o n s  ( 6 . p . s . ) A l i p h a t i c  p r o t o n s
( b . ÿ . Ë . )
{ n a p h t h a l e n e )  - 1 1 7 . 0  -----------
2 . 3 -  - 1 0 5 . 0  + 9 9 .3
2 . 6 -  —104# 6 4-94# 1
2 . 7 -  - 1 0 0 . 8  4-94.8
1 . 4 -  - 1 2 1 . 0  4-88.7
1 . 5 -  - 1 1 5 # 2  4-86.7
1 . 8 -     4-78.7
The (x-methyl  p r o t o n s  i n  1 , 4 -  and  1 , 5 - d i m e t h y l n a p h t h a l e n e s  
a r e  d e s h i e l d e d  a s  a r e s u l t  o f  s t e r i c  h i n d r a n c e  by t h e  a d j o i n i n g  
p e r i - h y d r o g e n  a toms# The d o w n f i e l d  s h i f t  o f  t h e  m e t h y l  p r o t o n s  
i n  1 , 8 - d i m e t b y l n a p h t h a l e n e  co m p a red  t o  o t h e r  i s o m e r s  r e f l e c t s  
much g r e a t e r  s t e r i c  s t r a i n  i n  t h e  m o l e c u l e .
3 o E l e c t r i c  d i p o l e  moments :
F o r  m o n o s u b s t i t u t e d  n a p h t h a l e n e s ,  t h e  2 - i s o m e r  h a s  
a g r e a t e r  d i p o l e  moment t h a n  t h a t  o f  t h e  1 - i s o m e r ,  i r r e s p e c t i v e
o f  t h e  t y p e  o f  s u b s t i t u e n t .  T h i s  i s  p a r t l y  d u e  t o  a  l o n g e r
r ' • ■
c o n j u g a t e d  s y s t e m  i n  t h e  2 - i s o m e r  t h a n  i n  t h e  1 - i s o m e r  an d  j
I •
p a r t l y  due  t o  t h e  i n - p l a n e  a n d / o r  o u t - o f - p l a n e  t w i s t i n g  o f
r : ' I
t h e  1 - s u b s t i t u e n t  l e a d i n g  t o  a  d e c r e a s e d  c o n j u g a t i o n  o f  t h e  !
2 7
s u b s t i t u e n t  w i t h  t h e  n a p h t h a l e n e  s y s t e m .  ( A . E . L u s t k i i  and  
L , A . K o c h e r g i n a ,  R u s s . J .  P h y s . Chem. $ 1 9 5 9 ,  3 7 ,  2 3 8 ;  J . H .  
R i c h a r d s ,  T e t r a h e d r o n , 1964 ,  8 4 1 ) .
4
\
4-
M o r e o v e r ,  t h e  d i p o l e  moments o f  1 - n a p h t h y l  compounds a r e  
c l o s e  t o  t h o s e  o f  t h e  c o r r e s p o n d i n g  b e n z e n e  d e r i v a t i v e s .  
T h i s  i s  t  alt en t o  i n d i c a t e  t h a t  s t e r i c  e f f e c t s  c a u s e d  by 
p e r i - h y d r o g e n  a r e  c o u n t e r b a l a n c e d  by t h e  d i e l e c t r i c  c o n t r i b ­
u t i o n  f rom  t h e  o t h e r  r i n g  i n  t h e  n a p h t h a l e n e  d e r i v a t i v e ;
t
E . B . E v e r a r d  and  L . E . S u t t o n  ( J .  Chem. S o c . , 1 9 4 9 ,  231 3 )  
h a v e  m e a s u r e d  t h e  d i p o l e  moments o f  some s u b s t i t u t e d  
n a p h t h a l e n e s .
CH
CM,
«I
C M
n r
I  h a s  a d i p o l e  moment o f  1 .73D  and  t h i s  i s  a s su m e d  t o  be  
a r e s u l t  o f  t h e  f r e e  r o t a t i o n  o f  t h e  -OCH^ g r o u p ,  t h u s  
a l l o w i n g  t h e  g r o u p  ^to t a k e  a l l  c o n f i g u r a t i o n s  f rom  c i s
E ©
t o  t r a n s  w i t h  e q u a l  p r o b a b i l i t y  f o r  e a c h  c o n f i g u r a t i o n .
The v a l u e  0 .6 7 D  f o r  I I  i n d i c a t e s  r e d u c e d  f r e e  r o t a t i o n  
due  t o  t h e  s t e r i c  e f f e c t  o f  t h e  p e r i - h y d r o g e n ,  and  t h e  
e f f e c t  o f  t h e  r e s o n a n c e  c a u s i n g  a 7^-bonding b e t w e e n  t h e  
C ^ — O bo n d .  Hence t h e  -OCH^ g r o u p s  a r e  s u p p o s e d  t o  l i e  
t r a n s  t o  e a c h  o t h e r .  I l l  h a s  a d i p o l e  moment o f  2 .0 9 D  
w h ic h  i s  l o w e r  t h a n  t h e  c a l c u l a t e d  v a l u e  o f  2 .4 5 D  w h ic h  
i s  t a k e n  t o  i n d i c a t e  t h a t  t h e  g r o u p s  c a n n o t  be  q u i t e  
c o p l a n a r .
CH
I
CH
IV
CM
CH
V
I n  IV and  V t h e  h a l o g e n  d i p o l e s  w o u ld  be e x p e c t e d  t o  
c a n c e l  and  t h e  r e s u l t a n t  moment to be  t h a t  o f  t h e  p a r e n t  
compound I I .  But  t h e  d i p o l e  moments a r e  0 .9 5 D  an d  0 .9 3 D  
r e s p e c t i v e l y .  S c a l e  d r a w i n g s  show c o n s i d e r a b l e  i n t e r f e r e n c e  
b e tw e e n  t h e  h a l o  g e n s  i and  t h e  o x y g e n  i n  IV and  V an d  t h i s  
s t r a i n  i s  r e l i e v e d  by i n - p l a n e  and  o u t - o f - p l a n e  m ovem ents  
o f  t h e  s u b s t i t u e n t s .  An i n - p l a n e  movement o f  t h e  s u b s t i t ­
u e n t  w o u ld  n o t  e x p l a i n  t h e  d i p o l e  moment o b s e r v e d ,  b u t  an  
o u t - o f - p l a n e  movement  o f  t h e  s u b s t i t u e n t  c o u l d  g i v e  an  
u n s y m m e t t i c a l  c o n f i g u r a t i o n  p o s s e s s i n g  a d i p o l e .  The 
a n g l e  o f  d e f l e c t i o n  c a l c u l a t e d  f rom  t h e  d i p o l e  moment was 
18° and  t h e  t h e o r e t i c a l  moment was a b o u t  1 ,  w h i c h  i s  c l o s e  
t o  t h e  o b s e r v e d  v a l u e .
4 .  Chrom a t o g r a p h i c  a d s o r p t i o n ;
P l a n a r i t y  o f  an o r g a n i c  m o l e c u l e  a f f e c t s  t h e  d e g r e e  
o f  c h r o m a t o g r a p h i c  a d s o r p t i o n ;  t h e  more p l a n a r  t h e  m o l e c u l e  
t h e  more s t r o n g l y  i t  i s  a d s o r b e d .  M .O r c h in  and  F . R e g g e l
( j .  Amer. Chem. S o c . , 1947 ,  §9^ f 5 0 5 ) ,  o b s e r v e d  t h a t  2 , 2 * -
\
b i n a p h t h y l ,  I ,  i s  much more s t r o n g l y  a d s o r b e d  t h a n  t h e  
t w i s t e d  1 , 2 - b i n a p h t h y l ,  I I .
1
n
L.HéKlemm, D .Reed  and C .D .L in d  ( J .  O r g . Chem. , 1 9 5 7 ,  2 2 , 
7 3 9 )  em ployed  t h i s  m ethod  w i t h  a s e t  o f  1 -  a nd  2 - p h e n y l -  
and  / \ * - c y c l o h e x e n y l n a p h t h a l e n e s  u s i n g  an a l u m i n a  co lum n 
and  f o u n d  t h a t  t h e  1 - i s o m e r s  e l u t e d  f i r s t .
JV V
Vt Vtl V«ll
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With  t h e  c y c l o p e n t e n y l -  and c y c l o h e x e n y l n a p h t h a l e n e ; ^
(V, VI ,  V I I ,  V I I I ) t h e  d i f f e r e n c e  i n  t h e  c o n j u g a t i v e  
e f f e c t s  (L.  H.Klemm, W# Ilodes and  W, B . S c h a a p ,  J* O r g # Chem. # 
19 54 ,  l £ f  451 )  i s  s t i l l  i n s u f f i c i e n t  t o  o f f s e t  t h e  f a c t o r  
o f  t h e  t w i s t .  So t h e  I - i s o m e r s  e l u t e  f i r s t .
S i m i l a r  e f f e c t s  have  be en  o b s e r v e d  w i t h  o t h e r  p o l y c y c l i c  
a r o m a t i c  h y d r o c a r b o n s  (L.H.Klemm, D.Reed ,  L . A . M i l l e r  and  
B .T .Ho ,  J .  O r g . Chem. , 1959 ,  1 4 6 8 ) ,  e . g .  i n  t h e  d e c r e a s i n g
o r d e r  o f  c h r o m a t o g r a p h i c  a d s o r p t i o n .
2 - p h e n y l a n t h r a c e n e ^  1 - p h e n y l a n t h r a c e n ^  9 - p h e n y l a n t h r -  
c e n e j
1 , 2 ( - b i n a p h t h y l ^  1 , 1  *- b i n a p h t h y l .
CHEMICAL EVIDENCE
By f o l l o w i n g  t h e  p r o g r e s s  o f  r e a c t i o n  o f  a s e r i e s  o f  
b a s e s  w i t h  m e t h y l  i o d i d e ,  i n  n i t r o b e n z e n e  o v e r  a t e m p e r a t u r e  
r a n g e  1 0 - 5 0 ° ,  u s i n g  c o n d u c t i v i t y  m e a s u r e m e n t s ,  J . P a c k e r ,
J . V a u g h a n  and E.Wong ( J .  Amer. Chem. S o c , ,  19 58 ,  8 £ ,  905)  
h a v e  a t t e m p t e d  t o  e s t i m a t e  t h e  s t e r i c  s t r a i n  i n  t h e  r e s u l t i n g  
q u a t e r n a r y  b a s e s  s'
CH3
III
?v V
Base  1 1 0 ^ k ( a t  3 0 ° ) A l o g  A A A n * T A AS
P y r i d i n e 5 0 . 7 0 . 0 0 0 . 0 0 0 . 0 0
I s o q u i n o l i n e 6 0 . 0 0 . 0 3 - 0 . 1 4 0 . 0 4
Q u i n o l i n e 8 . 0 0 . 0 0 1 . 1 1 0 . 0 0
2 - m e t h y l q u i n o l i n e 00v;677 - 0 . 1 9 2 . 3 4 - 0 . 2 6
8 - m e t h y l q u i n o l i n e 0 . 0 0 8 7 —0 . 0 6 5 . 1 2 0 . 0 8
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The c h a n g e s  i n  A, A  and A s  a r e  r e c o r d e d  w i t h  r e s p e c t  
t o  t h o s e  o f  p y r i d i n e .  The m a in  c h a n g e s  o c c u r  i n  H 
and  t h i s  i s  t a k e n  a s  t h e  ma in  f a c t o r  t h a t  p l a y s  a  d o m i n a n t  
p a r t  i n  a c c o u n t i n g  f o r  t h e  o b s e r v e d  d e c r e a s e  i n  r a t e  i n  
g u i n g  f rom i s o q u i n o l i n e  t o  8 - m e t h y l q u i n o l i n e .  I t  i s  t a k e n  
a s  a m e a s u r e  o f  t h e  s t e r i c  s t r a i n  i n  t h e  t r a n s i t i o n  s t a t e  o f  
t h e  r e a c t i o n  i . e . ,  t r a n s i t i o n  s t a t e  s t e r i c  s t r a i n  e n e r g y .
A i s  g r e a t e s t  i n  IV and V whe re i  s t e r i c  s t r a i n  i s  
g r e a t e s t .  V h a s  t h e  h i g h e s t  v a l u e  f o r  A6H and  t h i s  i s  
s t r i k i n g  i n  v i e w  o f  t h e  f a c t  t h a t  i n  t h i s  m o l e c u l e  b o t h  p e r i -  
p o s i t i o n s  a r e  i n v o l v e d .  A c c o r d i n g  t o  t h e  c a l c u l a t i o n s  by
B. C.Drown ( J .  Chem.' S o c . @ 1956 ,  1248)  t h e  s t e r i c  s t r a i n  i n
. m e t h y l n a p h t h a l e n e s  m u s t  be  g r e a t e r  and  a  f i g u r e  o f  7 # 6 . K c a l .
- 1  '  -  mole  i s  q u o t e d  f o r  1 , 8 - d i m e t h y l n a p t h . c t r e n e *
CONCLUSION
T h i s  e v i d e n c e ^  f o r  p e r i - i n t e r a c t i o n  i n  n a p h t h a l e n e  
d e r i v a t i v e s  p r o v i d e s  e v e r y  r e a s o n  t o  s u p p o s e  t h a t ,  esren 
i n  s o l u t i o n ,  p e r i r s u b s t i t u t e d  n a p h t h a l e n e s  a r e  d i s t o r t e d ;  
s i n c e  c r y s t a l  l a t t i c e  r e s t r i c t i n g  f o r c e s  a r e  a b s e n t  i n  
s o l u t i o n  t h e  d i s t o r t i o n s  a r e  e x p e c t e d  t o  be  g r e a t e r  t h a n
'ZZ.
t h o s e  o b s e r v e d  i n  t h e  s o l i d  s t a t e .  A C o m b i n a t i o n  o f  two
d i s t o r t e d  n a p h t h a l e n e  r e s i d u e s  i s  t h e r e f o r e  e x p e c t e d  t o
'
g i v e  a d i s t o r t e d  b i n a p h t h y l  i f  t h e  i n t e r a n n u l a r  bond  i s  
i n  t h e  1 , 1 - p o s i t i o n *
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5.  OPTICAL ACTIVITY OF 1 . 1 '  -  BINAPHTllYLS;
( l ) I n t r o d u c t i o n  :
1 , 1*  -  B i n a p h t h y l g b e l o n g  t o  t h a t  c l a s s  o f  compounds  
w h i c h  can  show o p t i c a l  a c t i v i t y  b e c a u s e  o f  r e s t r i c t e d  r o t a t i o n  
a b o u t  a s i n g l e  b o nd :  t h e  phenomenon was f i r s t  n o t e d  i n  
s u b s t i t u t e d  b i p h e n y l s .  J .  K e n n e r  ( j .  Chem. S o c . , 1922 ,
6 I 4 ) i n t e r p r e t e d  h i s  r e s o l u t i o n  o f  2 ,2*  -  d i n i t r o - 6 , 6 -  
d i p h e n i c  a c i d ,  1 ,  a s  r e s u l t i n g  f rom t h e  f o l d e d  s t r u c ^ ^ u r e  
o f  t h e  b i p h e n y l  s y s t e m ,  K a u f l e r ' s  " b e n t "  f o r m u l e r  (A n n a l e n  
1 9 0 7 , 3 3 1 . 131;  B e r . y 1 9 0 7 . 40 ,  3230 ,  3 2 3 3 ) .  T h i s  e x p l a n a t i o n  
was ,  h o w e v e r ,  p r o v e d  n o t  t o  be  c o r r e c t .  F .  B e l l  and  
J .  Kenyon ( Chem. and  I n d . , 19 26 ,  8 6 4 ) ,  W. H. M i l l s
( i b i d . , 1926 ,  4 3  ^ 88 4 ,  903)  and  E. E. T u r n e r  and  R. J .  W.
Le F e v r e  ( i b i d . ,  1926 ,  4^ ,  831 )  a t t r i b u t e d  t h e  o p t i c a l  
a c t i v i t y  i n  s u i t a b l y  s u b s t i t u t e d  b i p h e n y l s  "to n o n - p l a n a r i t y  
o f  t h e  b i p h e n y l  s y s t e m .  I d e n t i c a l  2 , 2*  -  s u b s t i t u e l n t s ^  
w h i c h  a r e  l a r g e  enough  t o  p r e v e n t  p l a n a r i t y ,  i n t r o d u c e  ■ 
d^ sy m me t r y ;  w i t h  one  o t h e r  s u b s t i t u e n t  i n  a  3 ,  3 o r  6 
p o s i t i o n ,  t h e  m o l e c u l e  i s  a s y m m e t r i c .  I n  e i t h e r  c a s e  
o p t i c a l  a c t i v i t y  i s  p o s s i b l e .
E. E. T u r n e r  and  R. Adams and  t h e i r  c o w o r k e r s  h a v e  
done  much o f  t h e  f u n d a m e n t a l  work  on o p t i c a l l y  a c t i v e
HO;
",C ^^O C «5
S O .  H
34
111
O p t i c a l  a c t i v i t y  due  t o  r e s t r i c t e d  r o t a t i o n  h a s  a l s o  b e e n
r e p o r t e d  by W.H. M i l l s  and K. A. C. E l l i o t  ( j .  Chem. S o c . ,
\
1928 ,  1291)  i n  N - b e n z e n e  s u l p h o n y l - 8 - n i t r o - 1 - n a p h t h y l g l y c i n e ,
I I .  W.II. M i l l s  and  R. M. Kelham ( j .  Chem. S o c . , 1937 ,
2 7 4 ) r e p o r t e d  o p t i c a l  a c t i v i t y  i n  a  s u b s t i t u t e d  b e n z e n e ,  •
I I I .  E.  E. T u r n e r  and  M, M. H a r r i s  o b t a i n e d  o p t i c a l l y  
a c t i v e  N - b e n z o y l - d i p h e n y l a m i n e - 2 - c a r b o x y l i e  a c i d s  o f  t h e  
t y p e  r e p r e s e n t e d  by IV,  w h i l e  R. Adams and  M. W. M i l l e r
(J .  Amer.  Chem. S o c . , 1940 ,  62,  53)  r e s o l v e d  s u b s t i t u t e d  
s t i l b e n e s  o f  t h e  t y p e  V.
R. Kuhn and 0 .  A l b r e c h t  (A n n a l e n ,  1928 ,  4 6 5 , 282 )  r e s o l v e d  
1 91 * - b i naph t j 7y i -2 -2  *d i c a r b o x y l i c  a c i d ,  VI ,  A. C o r b e l l i n i  
(A t t i  Accad .  L i n c e i ,  1931 ,  1_3, 7 0 2 ) ,  W.M. S t a n l e y  ( J .  Amer.  
Chem. S o c . , 1931 ,  22$ 3104)  and  J .  M e i s e n h e i m e r  and
0 .  B e i s s w e n g e r  (B e r . , 1932 ,  32)  r e p o r t e d  t h e  r e s o l u t i o n
o f  1 , 1 * - b i n a p h t h y l - 8 , 8 * - d i c a r b o x y l i C  a c i d ,  V I I .
HO,
OgH
HQ
3tr
VM
I n  a l l  t h e s e  compounds n o n - b o n d e d  r e p u l s i o n s  p r e v e n t  p l a n a r i t y  
and  g i v e  r i s e  t o  m o l e c u l a r  a s y m m e t r y .
I n  o r d e r  t o  a s s e s s  t h é  e f f e c t  o f  t h e  s i z e  o f  i n t e r f e r i n g  
g r o u p s  on o p t i c a l  s t a b i l i t y  o f  s t r u c t u r a l l y  s i m i l a r  s e r i e s  
i t  was n e c e s s a r y  t o  s t u d y  t h e  v a r i a t i o n  o f  t h e  e a s e  o f  
r a c é m i s a t i o n  i n  sUch s e r i e s .
R. Kuhn and 0 .  A l b r e c h t  (A n n a l e n , 1927 ,  45 5 ,  272)  
o b s e r v e d  t h a t  t h e  r a c é m i s a t i o n  o f  s t e r i c a l l y  h i n d e r e d  
n i t r o d i p h e n i c  a c i d s  o b e y e d  t h e  f i r s t  o r d e r  r e a c t i o n  r a t e
l aw  g i v e n  by t h e  e q u a t i o n ,
1
2 . 3 0 3  ‘
k=  ------------  l o g  __
t  -
= i n i t i a l  r o t a t i o n  o f  t h e  compound
a .  = r o t a t i o n  a f t e r  t i m e  t
R. Adams and  h i s  c o w o r k e r s  ( J .  Amer.  Chem. S o c . , 1939 ,  61j 
2825)  u s e d  t h e  f i r s t  o r d e r  r a t e  c o n s t a n t  k  and  t h e  h a l f  
l i f e  p e r i o d  f o r  r a c é m i s a t i o n  a t  a  g i v e n  t e m p e r a t u r e  a s  a  
m e a s u r e  o f  o p t i c a l  s t a b i l i t y .
The A r r h e n i u s  e q u a t i o n ;
3G
( ' E = e n e r g y  o f  a c t i v a t i o n
A = p r o b a b i l i t y  f a c t o r  
R = g a s  c o n s t a n t  
T = a b s o l u t e  t e m p e r a t u r e  
h a s  b e en  u s e d  i n  t h e  k i n e t i c  s t u d i e s  o f  r a c é m i s a t i o n  o f  
s t e r i c a l l y  h i n d e r e d  compounds .  The r a t e  c o n s t a n t  k  i s  
d e t e r m i n e d  a t  d i f f e r e n t  t e m p e r a t u r e s  and E, t h e  e n e r g y  
o f  a c t i v a t i o n  i s  o b t a i n e d  f rom t h e  A r r h e n i u s  e q u a t i o n  
a b o v e .  E*^  i s  t a k e n  a s  t h e  e n e r g y  b a r r i e r  t o  r a c é m i s a t i o n .
R. Kuhn and  0 .  A l b r e c h t  (A n n a l e n ,  1927 ,  455 ,  272)  u s e d  
t h i s  m e th od  t o  c a l c u l a t e  E f o r  t h e  r a c é m i s a t i o n  o f  
n i t r o d i p ^ n i c  a c i d s .
A, w h i c h  can  be c a l c u l a t e d  f rom t h e  A r r h e n i u s  e q u a t i o n  
g i v e s  a m e a s u r e  o f  t h e  p r o b a b i l i t y  t h a t  a  m o l e c u l e  w i t h  
s u f f i c i e n t  e n e r g y  w i l l  u n d e r g o  i n v e r s i o n  o f  c o n f i g u r a t i o n .
F.Wo Ca g l e  and  H. î ÿ r i n g  ( J .  Amer. Chem. S o c . , 1951 ,
7 3 0 5628)  u s e d  t h e  G l a s s t o n e ,  L a i d l e r  and  E y r i n g * s  a b s o l u t e  
r e a c t i o n  r a t e  t h e o r y  e q u a t i o n ,
Ü = K ,
( G l a s s t o n e ,  L a i d e r  and  l ÿ r i n g ,  The Theo ry  o f  R a t e  P r o c e s s e s , 
M c G r a w - H i l l ,  1941 ,  p .  197)
k  = r a t e  c o n s t a n t  
K = t r a n s m i s s i o n  c o e f f i c i e n t  
k  = B o l t z m a n n * s  c o n s t a n t
n
h = P l a n k * s  c o n s t a n t
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H = e n t h a l p y  ' o f  a c t i v a t i o n
S = e n t r o p y  o f  a c t i v a t i o n  
R = ga s  c o n s t a n t  
T = a b s o l u t e  t e m p e r a t u r e  
and c a l c u l a t e d  Z^S f o r  s e v e r a l  o p t i c a l l y  a c t i v e  compounds  
and showed t h a t  AS  , t h e  e n t r o p y  a c t i v a t i o n ,  makes
an i m p o r t a n t  c o n t r i b u t i o n  t o  t h e  r a c é m i s a t i o n  v e l o c i t i e s  
o f  s t e r i c a l l y  h i n d e r e d  compounds .
A H  = E -  RT
f:
can  t h e r e f o r e  be  c à l c u l a t e d  by s u b s t i t u t i n g  t h e  v a l u e  
f o r  ZiH i n  t h e  a b s o l u t e  r e a c t i o n  r a t e  t h e o r y  e q u a t i o n .
The f r e e  e n e r g y  o f  a c t i v a t i o n  = AH -  TAS and
i t  r e f l e c t s  t h e  m e a s u r e d  q u a n t i t y  k .
k  T
k  = K — --------. e /RT
S i n c e  A F = A  H -  T A  8^,  A F^  may be b r o u g h t  i n t o  t h e
— 1o b s e r v a b l e  r e g i o n  ( i T K c a l .  m o l e "  ) when t h e  n e g a t i v e
A 8 f a c t o r  i s  l a f g e  even  i f  AH i s  s m a l l .  W. H, M i l l s
and R.M.Kelham (d .  Chem. S o c . ,  1937 ,  274)  t h o u g h t  t h a t
t h e  l o w e s t  l i m i t i n g  v a l u e  6 f  E f o r  o b s e r v a b l e  o p t i c a l
a c t i v i t y  m u s t  be  a b o u t  16 K c a l .  mo le  ^ and  y e t  N - b e n z o y l -
2 - f l u o r o - 6 - m e t h y l - d i p k ) ^ l a m i n e - 2 - c a r b o x y l i e  a c i d ,  o b t a i n e d
_  1
o p t i c a l l y  a c t i v e  had  a low E v a l u e  o f  1 4 . 9  K c a l .  mo le  . 
I t s  o b s e r v a b l e  o p t i c a l  a c t i v i t y  was a t t r i b u t e d  t o  i t s  
u n u s u a l l y  l a r g e  n e g a t i v e  A  S^ o f  - 2 0 . 9  e . u .
• 4
i|
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U s i n g  v a l u e s  o f  AH, A and f o r  r a c é m i s a t i o n ,
c a l c u l a t e d  f rom p u b l i s h e d '  r a c é m i s a t i o n  d a t a  f o r  a number  o f  
compounds ,  F.W. Ca g l e  and H. f a r i n g  ( j .  Amer,  Chem> S o c . ,
1 9 5 1 , 73 ,  5628)  t r i e d  t o  show t h e  i n f l u e n c e  o f  s t r u c t u r a l  
f a c t o r s  on t h e  entrop^y/- t e r m  o f  t h e  a b s o l u t e  r a t e  e q u a t i o n .  
However ,  t h e i r  r e s u l t s  we re  c r i t i c i s e d  by de  l a  Mare (P r o g r e s s  
i n  S t e r e o c h e m i s t r y , Vol  I ,  B u t t e r w o r t h s  S c i e n t i f i c  P u b l i c a t i o n s ,  
1954 ,  p .  122)  who s a i d  he  t h o u g h t  t h e  a u t h o r s  s h o u l d  a w a i t  
a c o n s i d e r a b l e  e x t e n t i o n  o f  t h e  e x i s t i n g  i n f o r m a t i o n .
I n  some c a s e s  t h e  a u t h o r s  ha d  d e t e r m i n e d  o n l y  two r a t e  
c o n s t a n t s ,  k , a t  d i f f e r e n t  t e m p e r a t u r e s ,  and  h a d  p e r h a p s  u s e d  
d i f f e r e n t  s o l v e n t s  f o r  a p a i r  o f  compounds .  Howeve r ,  t h e i r  
a p p r o a c h  p r o v e d  u j s e f u l  i n  h e l p i n g  t h e  i n t e r p r e t a t i o n  o f  
some a p p a r e n t l y  an om a lo us  r e s u l t s ,
J ,  W, B r o o k s , , M .  M, H a r r i s  and  K. E, H o w l e t t  ( j ,  Chem,
S o c , , 1 9 5 7 , 2380)_ w o r k i n g  a l o n g  t h e s e  l i n e s  made d e t a i l e d  
i n v e s t i g a t i o n s  i n t o  some N - b e n z o y l d i p h e n y l a m i n e - 2 - c a r b o x y l i e  
a c i d s ;  I
Bn B r
I X
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6 - M e t h y l - 2 *- f l u o r o - N - b e n z o y l l d i i h l e n i y l a m i n e - 2 - c a r b o x y l i c a c i d
V I I I ,  h ad  E = 1 4 . 9  K c a l . m o l e  ^ = 3 . 2  m i n u t e s  w h e r e a s
2
4 , 6 - d i b r o m o - N - b e n z o y l d i p h e n y I a m i n e - 2 - c a r b o x y l i e  a c i d ,  IX,
“ 1 20ha d  E = 1 9 . 3  K c a l . m o l e "  and  t i  = 1 . 4  m i n u t e s .  They e x p l a i n e d .
j
t h a t  t h e s e  d i f f e r e n c e s ,  a s  w e l l  a s  b e i n g  due  t o  s t e r i c  f a c t o r s  
m u s t  be  due  t o  d i f f e r e n c e s  i n  t h e  e n t r o p y  o f  a c t i v a t i o n ,  
w h i c h  i s  - 4 . 1 .  e . u .  f o r  IX and  - 2 0 . 9 .  e . u .  f o r  V l l l .
Working a l o n g  t h e s e  l i n e s  a g a i n ,  J .W.  B r o o k s ,  M.M. H a r r i s  
and K .E .  H o w l e t t  ( j .  Chem. S o c . ,  1957 ,  1934)  f o u n d  t h a t  t h e  
E v a l u e s  f o r  t h e  r a c é m i s a t i o n  o f  t h e  n i t r o - d i p h e n i c  a c i d s  
( X - X l l ) we re  t h e  same,  2 2 . 6  K c a l . mô le  t h o u g h  t h e i r  o p t i c a l  
s t a b i l i t i e s  we re  d i f f e r e n t ,  b e i n g  i n  t h e  o r d e r  X l l ^ X l ' ^ X .
HO;
H O
X«
HO
XH
4 0
S i n c e  t h e  a d d i t i o n a l  n i t r o  g r o u p  i s  i n  a n o n - b l o c k i n g  
p o s i t i o n ,  t h e  i n c r e a s e  i n  t h e  o p t i c a l  s t a b i l i t y  was a t t r i b u t e d  
t o  t h e  i n c r e a s e  i n  t h e  e n t r o p y  f a c t o r s  w h i c h  a r e  - 1 2 . 2  e . u .  
f o r  X, - 1 4 . 7  e . u .  f o r  XI a n d - 1 6 . 2  e . u .  f o r  X I 1.
A number  o f  s u b s t i t u t e d  1 , 1  *- b i n a p h t h y l s  h a v e  b e e n  
r e s o l v e d  and among t h e s e  a r e  t h e  c a r b o x y l i c  a c i d s  :
OzH
X IV
XVM OgH
IVhereas i n  t h e  b i p h e n y l s  t h e  ma i n  f a c t o r  d e t e r m i n i n g  
o p t i c a l  s t a b i l i t y  i s  t h e  s i z e  o f  o r t h o - s u b s t i t u e n t s ,  i n  
‘ t h e  1 , 1 * - b i n a p h t h y l s  t h e  e f f e c t  o f  b l o c k i n g  g r o u p s  h a s  
n o t  y e t  b e e n  e a s y  t o  i n t e r p r e t .  C o n s i d e r i n g  t h e  o b s t a c l e s  
t o  r o t a t i o n ,  a b o u t  t h e  i n t e r a n n u l a r  bo nd ,  and  t h i n i t i n g  o f  
, t h e  1 , 1  *- b i n a p h t h y l  s k e l e t o n  a s  a  r i g i d  f r ^ e w o r k ,  t h e  o r d e r  
o f  o p t i c a l  s t a b i l i t y  on t h e  g r o u n d s  o f  b l o c k i n g  g r o u p s  
wou ld  be  e x p e c t e d  t o  be ;
X I I I  ^  XIV -----------------  X V ^  X V I ^  XVII a s  i n d i c a t e d
by c l a s s i c a l  m o d e l s ,  b u t  J .  M e i s e n h e i m e r  and  0 .  B e i s s e n g e r  
( B e r .  1932 ,  65,  32)  and  D. M, H a l l ,  S.  A. R i d g e w e l l  and  
Eo E.  T u r n e r  ( J . . Chem. S o c . , 1954 ,  2498)  showed t h a t  t h e
2 , 2 ' - d i a c i d ,  XV, was s t a b l e  t o  r a c é m i s a t i o n  i n  a q u e o u s  sod ium 
h y d r o x i d e .  I t  d i d  n o t  r a c e m i s e  when h e a t e d  i n  ' N , N - d i m e t h y l -  
f o rm am ide  a t  170° f o r  8 h o u r s .  T h i s  h i g h  o p t i c a l  s t a b i l i t y  
h a s  b e e n  o b s e r v e d  i n  a l l  2 - s u b s t i t u t e d  and  2 , 2  *- d i s u b s t i t u t e d  
1 , 1 * - b i n a p h t h y l s .
2 , 2 * - D i a m i n o - l , l ' - b i n a p h t h y l ,  X V I I I ,  was p r e p a r e d  and  
r e s o l v e d  by R. Kuhn and P.  G o l d f i n g e r  (A n n a l e n , 19 29 ,  4 7 0 , 183 )  
and f o u n d  t o  be  so o p t i c a l l y  s t a b l e  t h a t  i t  u n d e r w e n t  r e a c t i o n s  
a t  200° w i t h o u t  l o s i n g  i t s  o p t i c a l  a c t i v i t y .
NH
HOH
X X
:o.H
N OO HOH
XXIflXXI
HO3
!
T hese  compounds show h i g h  o p t i c a l  s t a b i l i t y
4a
W. L. P.  Armarego and E .E .  T u r n e r  ( J .  Chem. S o c . ,  1957 ,
13)  s y n t h e s i z e d  and  r e s o l v e d  1 ,1*  -  b i n a p h t h y l  -  2 ,2*  
d i s u l p h o n i c  a c i d ,  XIX, and  f o u n d  i t  t o  be  s t a b l e  t o w a r d s  
r a c é m i s a t i o n  when h e a t e d  f o r  10 h o u r s  a t  200°  i n  a q u e o u s  
sod ium h y d r o x i d e  i n  a s e a l e d  t u b e .
D. .M,  H a l l  and  E . E .  T u r n e r  ( J .  Chem. S o c . , 1955 ,
1242 )  f o u n d  t h a t  2 ,2*  -  h i s h y d r o x y m e t h y l - 1 , 1  * -  b i n a p h t h y l  
XX, was so o p t i c a l l y  s t a b l e  t h a t  i t  m e l t e d  and  s o l i d i f i e d  
on c o o l i n g  w i t h o u t  r a c e m i s i n g .
W. M. S t a n l e y  and R. Adeims (R e c . t r a v .  Chem. , 1929 ,
4 8 , 1035)  made 2 , 2 * - d i h y d r o x y - l , 1 * - b i n a p h t h y l - 3 , 3 
d i c a r b o x y l i c  a c i d ,  XXI, t h e  R u s s i a n s  I . S .  J o f f e  and  I .  V. 
G r a c h e v ,  ( J .  Gen. Chem. , U . S . S . R . ,  1935 ,  5,) 950)  p r e p a r e d  
2 , 2 * - d i h y d r o x y - 1 , 1 ' - b i n a p h t h y 1 - 7 , 7  *- d i s u l p h o n i c  a c i d ,  XXII ,  
and  2 , 2 * - d i h y d r o x y - 1 , 1 ' - b i n a p h t h y 1 - 6 , 6 ' - d i s u l p h o n i c  a c i d ,
XXIV, and a l l  t h e s e  we re  f o u n d  t o  be  s t a b l e  t o w a r d s  r a c é m i s a t i o n  
V. S.  M u r a h a s h i ,  ( S c i - p a p e r s  i n s t .  P h y s .  Chem. R e s e a r c h
To ky o , 1932 ,  17,  297;  A . .  1 9 3 2 ,  26,  2191)  p r e p a r e d
;
b a r i u m  s a l t s  o f  2 ^ 2 ' - d i n i t r o , X X I I I ,  and  2 , 2 * - d i a m i n o -  
1 ,  1 * - b i n a p h t h y l - 5 ,  5 ' - d i s u l p h o n i c  a c i d s  and  r e s o l v e d  them 
by c r y s t a l l i s a t i o n  f rom w a t e r  w i t h  Ph.CH.Me.NH^ and  showed 
them t o  be o p t i c a l l y  s t a b l e .
Even 1 , 1 ^  b i n a p h t h y l s  s i n g l y  s u b s t i t u t e d  i n  t h e  2 -  
p o s i t i o n  show a c o n s i d e r a b l e  o p t i c a l  s t a b i l i t y .  An example
4-3
k
o f  t h i s  i s  2 - h y d r o x y - l ,  1 * b i n a p h ^ l ,  XXV p r e p a r e d  by J .  A. 
De r so n  and  M. A. Greenbaum (J .  Amer.  Chem. S o c . , 1958 ,
8 ^ , . 6 5 3 )  and  shown t o  have  a  h a l f - l i f e  p e r i o d  o f  r a c é m i s a t i o n  
o f  two d a y s  i n  b o i l i n g  benzene*
However ,  1 , 1  *- b i n a p h t h y l  i t s e l f  and  t h e  o t h e r  1 ,1*  -
\
b i n a p h t h y l s  s u b s t i t u t e d  i n  p o s i t i o n s  o t h e r  t h a n  t h e  2 , 2 * -  
p o s i t i o n s  ha ve  b e e n  f o u n d  t o  be  o p t i c a l l y  l a b i l e .
02.H
X X \ x
OjiH
H O
Xxx
CM^ Og
02CW3
H O
X x x \ X X X I I
'3 H O H
X X X t f S
X X X  IV
X X X V
x x x v i
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Thes e  compounds ha v e  b e en  o b t a i n e d  i n  t h e  o p t i c a l l y  a c t i v e  
s t a t e  and  t h e i r  A r r h e n i u s  p a r a m e t e r s  and  t r a n s i t i o n  s t a t e  
t h e o r y  f u n c t i o n s  d e t e r m i n e d .
TABLE I
Compound S o l v e n t
E
K c a l  -, 
mol“ ^
lOgy jA
s e c  ri
K c a l _ ^
mol""
z^H^
K c a l ^2
m o l"
A S ^
e . u . Re f .
XXVI H.CO.N.Me^ 2 2 . 5 1 2 . 1 2 3 . 5 2 1 . 6 - 5 . 2 1
XXVII H.CO.N.Me^ 2 4 , 1 1 2 . 3 2 5 . 4 2 3 . 5 - 5 . 9 1
O. IN  NaOH 2 4 . 9 1 2 . 9 2 4 .8 2 4 . 3 —1 . 5 2
XXVIII H.CO.N.Me^^ 2 3 . 8 1 2 . 2 2 4 . 8 2 3 . 5 - 5 . 1 1
XXIX H.CO.N.Me^' ' 2 2 . 4 1 2 . 0 2 3 . 5 2 1 . 8 - 5 . 5 1&2
XXX H.CO.N.Me^" 
O . I N  NaOH
2 2 .1
2 6 . 0
1 1 . 3
1 5 . 2
2 4 . 4
2 2 . 2
2 1 . 5
2 5 . 4
- 9 . 1
+ 9 . 2
1
3
XXXI H.CO.N.Me^ 22 .0 1 1 . 6 2 3 . 8 2 1 . 4 - 7 . 4
XXXII 0 . 1  NaOH 2 5 . 7 1 4 . 0 2 4 . 0 2 5 . 1 + 3 . 2 3
XXXIII
XXXIV
CH^.CO.CH^
H.COcN.Mç^
2 1 . 4
2 7 . 5 8 1 1 . 3
2 2 . 9
3 0 . 4 4
2 0 . 8
2 6 . 8
- 7 . 1
- 9 . 3
4 !
5 '
XXXV H.CO.N.Me^ 2 9 . 2 1 2 . 6 2 9 . 8 5 , 2 8 . 4 —3 . 6 6 5 !
XXXVI H.CO.N.Mog 2 5 . 8 1 1 . 9 6 2 7 . 2 2 5 . 1 - 6 . 5 5 !
XXXVII H.CO.N.Meg 2 3 . 2 1 2 . 1 2 4 . 3 2 2 . 6 - 5 . 3 6 i
■ 4
XXXVIII H.CO.N.Me^ 2 3 . 6 1 2 . 5 2 4 . 1 2 2 . 9 - 5 . 3
' i
4^
XXXIX l i .CO.N.Me^ 2 6 ,0  1 2 . 4  2 6 . 7  2 5 . 3  - 3 . 8  7
XL : H.CO.N.Meg 2 5 . 3  I I . 7  2 7 . 2  2 4 . 6  - 7 . 3  7
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7 .  A .S .Cooke  and M . M . H a r r i s ,  J .  Chem. S o c . ,  196 7 ,  988 .
I t  i s  t h e r e f o r e  c l e a r  t h a t  2 , 2 * - d i s u b s t i t u t e d  1 , 1 * - b i n a p ­
h t h y l s  a r e  o p t i c a l l y  s t a b l e  w h e r e a s  8 , 8  * - d i s u b s t i t u t e d  1 , 1 *- 
b i n a p h t h y l s  a r e  o p t i c a l l y  l a b i l e .  T h a t . 1 , 1 * - b i n a p h t h y l - 8 , 8 *- 
d i c a r b o x y l i c  a c i d ^  r a c e m i s e s  w h e r e a s  1 , 1 * - b i n ^ p h t h y l - 2 , 2 *-  
d i c a r b o x y l i c  a c i d  i s  q u i t e  s t a b l e  l e d  W . M .S t a n l e y  ( J .  Amer .
Chem. S o c . 9 1931 ,  3104)  t o  s t a t e  t h a t  t h i s  d i f f e r e n c e
i n  s t a b i l i t y  i s  due  t o  t h e  f a c t  t h a t / .  i n  p e r i - p o s i t i o n s ,  
c a r b o x y l  g r o u p s  i n  t h e  8 , 8 * - d i a c i d  a r e  ^ t r a i n e d  i n c s u c h  a 
way t h a t  p a s s i n g  i s  as  wasy a s  i t  i s  i n  an u n s u b s t i t u t e d  
1 , 1 *- b i n a p h t h y l . '
I n  some 1 , 1 * - b i n a p h t h y l s ,  s t e r i c  h ind rEnoa*  t o  r o t a t i o n  
i s  p r o v i d e d  by t h e  o v e r l a p  o f  t h e  h y d r o g e n  a tom s  i n  t h e  2-  
and  8 -  p o s i t i o n s ,  ,wh i ch  m i g h t  a p p e a r  t o  be  i n s u f f i c i e n t  b a r r i e r s .
F.  B e l l ,  aWdH.D.Morgan and  I . F . B . S m y t h  ( Chem. and  I n d . , ' j
1 9 5 1 , 634 )  made s c a l e  d r a w i n g s  w h i c h  showed t h a t  i n  1 , 1 *- 
b i n a p h t h y l - 5 , 5 * - d i c a r b o x y l i c  a c i d  t h e r e  was no r e s t r i c t i o n
I 1
44,
t o  r o t a t i o n  a b o u t  t h e  i n t e r a n n u l a r  bond .  P. B e l l  an d  D.H.  
War ing  ( J .  Chem. S o c . .  1949 ,  1579)  c o n s i d e r e d  t h a t  i n  1 , 1 '  —
Ouw tîCv v/j I
b i f lap^^ h y l  ^ XLI,  t h e  o v e r l a p  o f  t h e  2*— and  9— h y d r o g e n
a t o m s ,  w h i c h  i s  t h e  same a s  t h e  2 *- and 8—h y d r o g e n  a tom s  i n
\
1 , 1 ’ - b i n a p h t h y l ,  t o  be l e s s  t h a n  0 . 2Â.
XLf
A  i ,
However ,  t h e y  r e s o l v e d  i t  and showed i t  t o  be  o p t i c a l  s t a b l eI,
a t  room t e m p e r a t u r e  and r a c e m i s e d  a f t e r  7 h o u r s  i n  b o i l i n g  
c h l o r o f o r m .
A n o t h e r  wxample i s  n a p h t h ÿ d i n e ,  XXXIII ,  w h i c h  was 
r e s o l v e d  by W. T h , e i l a c k e r  and R. Hopp (B e r . 1959 ,  92 ,  2293)  
and  shown t o  h a v e  a h a l f - l i f e  p e r i o d  f o r  r a c é m i s a t i o n  o f  3 
t o  4 h o u r s  a t  room t e m p e r a t u r e  i n  a c e t o n e ,  and  E o f  2 1 . 4  
K c a l .  molô~^o M, Cra wfo rd  and I . F . B . S m y t h  ( J .  Chem. S o c . , 
1 9 5 2 , 4133 ;  1954 ,  3464)  made and  r e s o l v e d  a number  o f  
d i q u i n o l y l s ;  and  d i i s o q u i n o l y l s  whose  s t r u c t u r e s  a r e  s i m i l a r  
t o  t h a t  o f  1 , 1 ’ - b i n a p h t h y l  and s u g g e s t e d  t h a t  a l t h o u g h  t h e  
o v e r l a p  o f  t h e  atoms t h e m s è l v e s  ( i . e . ,  t h e  p a r t  w i t h i n  t h e  
a t o m i c  r a d i u s )  i s .  t h e  mo s t  e f f e c t i v e  i n  h i n d e r i n g  r o t a t i o n ,  
t h e  o v e r l a p  o f  v a p . d e r  Waals  e n v e l o p e s  s h o u l d  a l s o  be! ) ■ ' ; ■
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c o n s i d e r e d  a s  l a r g e l y  r e s p o n s i b l e  f o r  t h e  s t e r i c  h i n d r a n c e  
i n  t h e s e  i s o m e r s .
XLI# X L I V
X L V X L V I y  L VI l
The h a l f - l i f e  p e r i o d s  o f  t h e s e  i s o m e r s  v a r y  f rom 2-5  
h o u r s  t o  12 m i n u t e s  a t  room t e m p e r a t u r e ,  ^ x c e p t  f o r  1 , 1 *- 
c w k q u i n o l y l ,  XLVII ,  wh ich  was o n l y  o b s e r v e d / « : 9- - a - t a r t r a t e  
^  i n  a q u e o u s  h y d r o c h l o r i c  a c i d .  The f r e e  b a s e  c o u l d  n o t  be  
o b t a i n e d  o p t i c a l l y  a c t i v e  b e c a u s e  i t  l a c k s  h y d r o g e n  a toms  
i n  t h e  b l o c k i n g  p o s i t i o n s .
M . M , H a r r i s  and  A . S . M e l l o r  ( Chem. and I n d . 19 61 ,  1082 )
p r e p a r e d  l , l * - b i n a p h t h y l \  i t s e l f  i n  t h e  o p t i c a l l y  a c t i i ^ e
s i à t e .  The h a l f - l i f e  p e r i o d  o f  r a c é m i s a t i o n  was 1 4 . 5
m i n u t e s  a t  50° and  E was 2 2 . 5  K c a l ,  mo le  .r a c .
These  e x p e r i m e n t a l  o b s e r v a t i o n s  show t h a t  h y d r o g e n  a to m s  
i n  t h e  b l o c k i n g  p o s i t i o n s  i n  t h e  1 , 1 *- b i n a p h t h y l s  p r o d u c e  
e nough  s t e r i c  h i n d r a n c e  t o  c a u s e  o b s e r v a b l e  o p t i c a l  a c t i v i t y .  
Hence ,  t h e  o p t i c a l  a c t i v i t y  o f  t h e  5 , 5  * - d i a c i d  and  o f  t h e  
4 , 4 * - d i a m i n e .   ^ :
Low o p t i c a l  s t a b i l i t y  o f  8 , 8 ' - s u b s t i t u t e d 1 , 1 * - Q i n a p h t h y l s .
n >■
A . S ,Cooke  and M .M .H a r r i s  ( J .  Chem. S o c .> 1963 ,
4-'g '
2 3 6 5 ) ,  d e t e r m i n e d  t h e  A r r h e n i u s  p a r a m e t e r s  and t r a n s i t i o n  
s t a t e  t h e o r y  f u n c t i o n s  o f  o p t i c a l l y  l a b i l e  s u b s t i t u t e d  
1 , 1 * —b i n a p h t h y l s  and o b s e r v e d  t h a t  t h e  e n t r o p y  f a c t o r  c o u l d  
n o t s a t i s f a c t o r i l y  a c c o u n t  f o r  t h e  o p t i c a l  l a b i l i t y  o f  t h e s e  
compounds  even  i n  aqueo us  sodium h y d r o x i d e  s o l u t i o n  whe re  
A s  i s  l a r g e  and  p o s i t i v e .  The v a r i a t i o n  o f  t h e  e n t r o p y  
f a c t o r s  i n  N N - d im e t h y l f o r m a m id e  s o l u t i o n  i s  s m a l l  and  n o t  
i n  a c c o r d a n c e  w i t h  t h e  v a r i a t i o n  o f  t h e  o p t i c a l  l a b i l i t i e s  
o f  t h e s e  compounds .  T h i s  l e d  them t o  t h e  c o n c l u s i o n  t h a t  
t h e  o p t i c a l  l a b i l i t y  o f  t h e s e  compounds ,  s u c h  a s  t h e  8 , 8 *- 
d i a c i d ,  i s  c a u s e d  by i n t r a m o l e c u l a r  o v e r c r o w d i n g  w h ic h  
i n d u c e s  a s t a t e  o f  s t r a i n  i n  t h e  m o l e c u l e .  T h i s  s t r a i n  i s  
r e l i e v e d  by m o l e c u l a r  d i s t o r t i o n s ,  t h e  e f f e c t  o f  w h i c h  i s  t o  
f a v o u r  o p t i c a l  i n v e r s i o n  by r e d u c i n g  t h e  r o t a t i o n a l  e n e r g y  
b a r r i e r  t h r o u g h  i n c r e a s e  o f  t h e  g r o u n d  s t a t e  e n e r g y .  They 
d i s c u s s e d  t h e  e n e r g y  b a r r i e r  t o  r a c é m i s a t i o n ,  i n  t e r m s
o f  E s - t e r i c »  \  whe re  r e p r e s e n t s  t h e  e n e r g y
due  t o  s t r a i n  and  c o m p r e s s i o n  i n  t h e  t r a n s i t i o n  s t a t e ,  E; r \  r
t h e  g a i n  i n  r e s o n a n c e  e n e r g y  i n  t h e  t r a n s i t i o n  s t a t e  and  E^^
t h e  g r o u n d  s t a t e  e n e r g y .  The r e l a t i o n s h i p  c an  be  w r i t t e n  a s ;
E = E . . - E  - Er a c  s t e r i c  r  gs
E^ i s  c o n s i d e r e d  t o  be i n s i g n i f i c a n t l y  s m a l l .  Hence ,  t h e  i
d i f f e r e n c e  i n  E b e tw e e n  t h e  8 , 8 *- and t h e  2 , 2 * -  d i c a r b o x y l i cr a c  ' • Î
a c i d s  m u s t  be  due  t o  t h e  d i f f e r e n c e s  i n  and  E^^ ,  and
s i n c e  E i n  t h e  o p t i c a l l y  l a b i l e  a c i d s  d o e s  n o t  v a r y  by Ir  a c ] !
—1 •more  t h a n  3 K c a l .  ^ mole”  t h e  o n l y  f a c t o r  d e t e r m i n i n g  t h e  ^
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c l o s e n e s s  o f  t h e i r  s t a b i l i t i e s  and  t h e i r  d i f f e r e n c e  f rom t h e
o p t i c a l l y  s t a b l e  2 , 2 * - d i a c i d  i s  t h e  g r o u n d  s t a t e  s t r a i n ,  and
i t  i s  t h i s  E t h a t  r e d u c e s  t h e  o b s e r v e d  E i n  t h e  8 , 8 *— gs  r a c  ^
s u b s t i t u t e d  1 , 1 ' - b i n a p h t h y l s .
A .S .  Cooke and  M.M. H a r r i s  ( J .  Chem. So_c.‘, 19 63 ,  2365 )
\
h a v e  d i s c u s s e d  t h e  s t r a i n e d  c o n f o r m a t i o n s  o f  8 , 8 ' - d i s u b s t i t u t e d  
1 , 1 ' —b i n a p h t h y l s . They s t a t e  t h a t  any p e r i - s u b s t i t u t e d  
n a p h t h a l e n e ,  1 , 8 -Cj^qH^XI, t h e  Cg-X and C^-T b o nd s  a r e  f o r c e d  
o u t  o f  p l a n e  w i t h  one  o f  them above  and  t h e  o t h e r  b e l o w  t h e  
mean p l a n e  o f  t h e  n u c l e u s .  These  c an  be r e p r e s e n t e d  
t h e o r e t i c a l l y  i n  two d i a s t e r e o i s o m e r i c  s t r u c t u r e s  d and  1 ;
( 1 )
When t h e s e  d e f o r m e d  u n i t s  combine  t o  make 1 , 1 ' - b i n a p h t h y l , 
t h e r e  c an  be  t h r e e  r e a d i l y  i n t e r c o n v e r t i b l e  f o r m s ,  ( d d ) ,  ( 1 1 )
I
and  ( d l ) .  Each  o f  t h e s e  can  i n  t u r n  l e a d  t o  R and  S 
c o n f i g u r a t i o n a l  i è o m e r s  by r o t a t i o n  a b o u t  t h e  1 , 1 ' - b o n d .
The i n v e r s i o n  o f  s u c h  s t r u c t u r e s  o f  8 , 8 ' - d i s u b s t i t u t e d  1 , 1 ' -  
b i n a p h t h y l  d e r i v a t i v e s  i s  mos t  p r o b a b l y  t h r o u g h  t h e  " t r a n s -  
r o u t e "  t h e  8 -COOH p a s s i n g  t h e  2 ' -H and t h e  8 ' -COOH p a s s i n g  
t h e  2-H.  The 8 , 8 ' - c a r b o x y l  g r o u p s  i n  t h e  8 , 8 ' - d i a c i d  u n d e r g o  
an o u t - o f - p l a n e  b e n d i n g  and  h e n c e  t h e  p a s s i n g  b e t w e e n  t h e s e  
and  t h e  h y d r o g e n  a toms  i s  e a s y  and  h e n c e  a l o w e r  e n e r g y  b a r r i e r
GO
t o  r a c é m i s a t i o n  e q u a l  t o  t h a t  o f  t h e  g r o u n d  s t a t e *  However ,  
i n  t h e  2 , 2 * - d i a c i d  where  t h e  c a r b o n  atom o f  t h e  —COOH i s
o
2*9A d i s t a n t  f r om t h e  1 - c a r b o n  a tom,  d e f o r m a t i o n  i s  u n l i k e l y  
and  so t h e  e n e r g y  b a r r i e r  t o  r a c é m i s a t i o n  i s  h i g h .  Cooke 
and  H a r r i s  s u g g e s t e d  a v a l u e  o f  a p p r o x i m a t e l y  15 K c a l . m o l e " ^  
a s  t h e  t ower  l i m i t  f o r  t h e ,  g r o u n d - s t a t e  s t r a i n  e n e r g y  i n  
t h e  8 , 8 ' - d i a c i d .
M e so id  and  Racemoid T r a n s i t i o n  P a t h s :
A .S .  Cooke and  M.M. H a r r i s  ( J .  Chem, 8o c . ,  19 63 ,  2356 )  
s u g g e s t  t h a t  b e c a u s e  o f  t h e  d e f o r m a t i o n s  (d)  and  ( l )  t h e r e  
a r e  t h r e e  p o s s i b l e  " t r a n s " t r a n s i t i o n  s t a t e s  f o r  t h e  
c h a n g e ,  two o f  w h i c h  a r e ,  R ( d d ) < = f  S ( d d )  and  R ( 1 1 ) S ( 11 ) ,  
t h e  r a c e m o i d  o n e s .
T ra f a s -p a a s i n g  C i s - p a s s i n g
Th es e  a r e  m i r r o r  im ag es  o f  e a c h  o t h e r ,  w i t h  e q u a l  e n e r g y  
b a r r i e r s  and  i n  e a c h ,  8 -COOH p a s s e s  2*-H a t  t h e  same t i m e  
a s  8*-C00H p a s s e s  2-H.  T h e r e  i s  a s i n g l e  e n e r g y  b a r r i e r  
and  t h e  t r a n s i t i o n  s t a t e  i s  s t i l l  a s y m m e t r i c .  The o t h e r  
p a t h  i s  R ( d l ) S ( d l ) ,  t h e  m e s o i d  on e ,  i n  w h i c h  p a s s i n g
'
o f  t h e  o b s t a c l e s  i à  n o t  s i m u l t a n e o u s .  Be tween  t h e  two 
e n e r g y  b a r r i e r s  l i é s  t h e  minimum r e p r e s e n t i n g  t h e  i n t e r m e d i a t e
5-f
s t a t e  ( i i )  w i t h  a c o n f i g u r a t i o n  n e i t h e r  R n o r  S, n o r  i s  i t  
f l a t ,  b u t  h a s  a c e n t r e  o f  symmet ry^ .
(1)  (1 )
Racemoid
( i )
( d )  ( i )
Meso i d
( i i  )
S i n c e  i t  r e q u i r e s  l e s s  e n e r g y ,  t h i s  w i l l  be  t h e  p a t h  u s e d .
R(dd )  . j : R ( d l )  (_ > R ( l l )
S ( d d )  S ( d l )  f  » 8 ( 1 1 )
C o n f i g u r a t i o n a l  i n v e r s i o n  i n  t h e  r a c e m o i d  m o l e c u l e s
R T r a n s i t i o n  S t a t e  
o r
I n t e r m e d i a t e
C o n f i g u r a t i o n a l  i n v e r s i o n  i n  t h e  m e s o i d  m o l e c u l e :
(^)
R T r a n s i t i o n  S t a t e  
o r
I n t e r m e d i a t e
S*À
( i i )  O b j e c t  o f  t h e  p r e s e n t  w o r k ;
Work h a s  b e e n  done  on s u b s t i t u t e d  1 , 1  *- b i n a p h t h y l s  
c o n t a i n i n g  p l a n a r  and t e t r a h e d r a l  s u b s t i t u e n t s  i n  t h e  
b l o c k i n g  p o s i t i o n s  and i t  h a s  be en  o b s e r v e d  t h a t  t h e
c a r b o x y l  and  e s t e r  g r o u p s  do n o t  p r e s e n t  a s  h i g h  an  e n e r g y
\
b a r r i e r  t o  r a c é m i s a t i o n  a s  do t h e  t e t r a h e d r a l  s u b s t i t u e n t  
g r o u p s .  I t  was t h e r e f o r e  d e c i d e d  t o  s y n t h e s i s e  8 ' - m e t h y l -  
1 , 1 * - b i n a p h t h y l - 8 - c a r b o x y l i c  a c i d  and s e e  how i t s  A r r h e n i u s  
p a r a m e t e r s  and t r a n s i t i o n  s t a t e  t h e o r y  f u n c t i o n s  compa re  
w i t h  t h o s e  o f  o t h e r  1 , 1 * - b i n a p h t h y l s .
Work on 2 , 2  *- d i m e t h y l - 1 , 1 * - b i n a p h t h y l  was u n d e r t a k e n  
on t h e  g r o u n d s  t h a t ,  t h i s  compound,  b e i n g  a h y d r o c a r b o n ,  
s h o u l d  be  c h e m i c a l l y  more s t a b l e  t h a n  t h e  a c i d s ,  a m i n e s  and  
d i o l s  s u b s t i t u t e d ^ i h  t h e  2 , 2 ’- p o s i t i o n .  R a c é m i s a t i o n  was 
t h e r e f o r e  t r i e d  a t  t e m p e r a t u r e s  much h i g h e r  t h a n  t h o s e  u s e d  
f o r  o t h e r  2 , 2 ’- s u b s t i t u t e d  1 , 1 ’- b i n a p h t h y l s .  M o r e o v e r ,  s i n c e  
t h e  h y d r o c a r b o n  h a s  a low m e l t i n g  p o i n t  i t  s e emed  i n t e r e s t i n g
t o  t r y  and  r acemi j s e  i t  i n  t h e  m o l t e n  s t a t e .
/
( i i i )  DISCUSSION:'
A. 8 ’- M e t h y l - 1 , 1 ’- b i n a p h t h y l - 8 - c a r b o x y l i c  a c i d :
I .  S y n t h e s i s :
Two r o u t e s  we re  c o n s i d e r e d  a v a i l a b l e  f o r  t h e  s y n t h e s i s  
o f  8 * - m e t h ÿ l - l , 1 ’- b i n a p h t h y l - 8 - c a r b o x y l i c  a c i d ,  t h e  s t a r t i n g  
m a t e r i a l  b e i n g  8 - b r o r a o - l - n a p h t h o i c  a c i d  ( H . G . R u l e ,  W. P u r s e l l  
and  R .H.Brown,  Chem. S o c . , 1934 ,  168)
( a )  H a l f  t h e  bromo a c i d  would  be  c o n v e r t e d ,  a s  i t s  m e t h y l  
e s t e r ,  i n t o  l - b r d r a o - 8 - r a e t h y l n a p h t h a l e n e  t h r o U g h  ’ ; "
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t h e  s e r i e s  -CO^CH..
G r  CO2CM3'
-CH^OPI
B r  CH^OW
» -CH^Br >  -CH^
H^ Br
\
w h i c h  c o u l d  t h e n  be  s u b j e c t e d  t o  a m ixed  Ul l raan  r e a c t i o n  
w i t h  t h e  o t h e r  h a l f  t o  g i v e  t h e  e s t e r  o f  t h e  m e t h y l  a c i d  
w h i c h  on h y d r o l y s i s ,  wou ld  g i v e  t h e  m e t h y l  a c i d :
\r CHj
B r COgCMj
C u OaCM^ 0&H
T h i s  r o u t e  p r o v e d  i m p r a c t i c a b l e  b e c a u s e  t h e  b r o m i n e  was 
l o s t  i n  t h e  r e d u c t i o n  s t a g e s .  T h i s  i s  p o s s i b l y  a r e s u l t
i  \
o f  t h e  f a c t  t h a t  t h e  b r om ine  atom i s  f o r c e d  o u t - o f - p l a n e  
a s  a r e s u l t  o f  p e r i - i n t e r a c t i o n ,  and t h a t  t h e  c a r b o n -
b r o m i n e  bond  i s  l o n g e r  t h a n  t h e  n o r m a l   Bromine  bo nd ,
w h i c h  makes  t h e  l o s s  o f  t h e  b r o m in e  e a s y .
(b)  1 , 1 ? - B i n a p h t h y l - 8 , 8 ’- d i c a r b o x y l i c  a c i d  c o u l d  be  i n i t i a l l y  
p r e p a r e d  f rom 8 - b r o m o - l - n a p h t h o i c  a c i d  and  t h e n  one  a c i d  
g r o u p  c o n v e r t e d  i n t o  a m e t h y l  g r o u p :
O&H
HO
5 -4 -
H^OW
HO
The m e t h y l  h y d r o g e n  d i c a r b o x y l a t e  was f o u n d  t o  be  a s  i n s o l u b l e  
i n  e t h a n o l  a s  t h e  8 , 8 * —d i a c i d  and  c o u l d  h o t  be  e a s i l y  
i s o l a t e d  f rom a m i x t u r e .  T h e r e f o r e ,  e t h o x y c a r b o x y l - l , 1  *- 
b i n a p h t h y 1 - 8 - c a r b o x y l i c  a c i d  was t h e  p r e f e r r e d  i n t e r m e d i a t e  
i n  t h e  s y n t h e s i s .
( I I ) P r o o f  o f  c o n s t i t u t i o n  ( O r i e n t a t i o n  i n  p a r t i c u l a r )
Group m i g r a t i o n  i s  known i n  t h e  n a p h t h a l e n e s .  G. S u l d  
a nd  A .P .  S t u a r t  ( j .  O r g . Cheip. » 1964 ,  29) 2923)  h a v e  i n v e s t -“  I
i g a t e d  t h e  i s o m é r i s a t i o n  o f  d i -  and  m o n o m e t h y l n a p h t h a l e n e s
•' I ^
i n  t h e  s y s t e m  a n h y d r o u s  h y d r o f l u o r i c  a c i d - b o r o n  t r i f l u o r i d e  
a nd  shoTO t h a t  t h e  c o n c e n t r a t i o n s  o f  t h e s e  i n  t h e  i s o m e r a t e s  
d e p e n d  on t h e  amountoô’f  b o r o n  t r i f l u o r i d e  and t h a t  t h e
r r'
e x p e r i m e n t a l  r a t e  d a t a  a r e  i n  a g r e e m e n t  w i t h  t h e  p o s t u l a t e d  
i n t r a m o l e c u l a r  1 , 2 - m e t h y l  s h i f t .  The b a r r i e r s  t o  t h e  
i n t r a m o l e c u l a r  m e t h y l  s h i f t  b e tw ee n  a d j a c e n t  p -p  a s  w e l l  
a s  b e t w e e n  t h e  p e f i - p o s i t i o n s  a r e  r a t i o n a l i s e d  i n  t e r m s  o f  , 
t h e  u n f a v o u r a b l e  h i g h - e n e r g y  co mp lex es  r e q u i r e d  f o r  t h e s e  
m i g r a t i o n s .  ■  ^ ,
V. A . K o p t y i n g i  iV.G. Shub in  and V . A . P l a kho w ( ^ .  O b s h c h .
5:5
K&u.m# , 31 » 4 0 2 3 ) h a v e  i n v e s t i g a t e d  t h e  i s o m é r i s a t i o n  o f
1 . 8 —d i h a l o n a p h t h a l e n e s  i n  t h e  p r e s e n c e  o f  a n h y d r o u s  
p - n a p h t h a l e n c  s u 1p h o n i c  a c i d .  They h a v e  shown t h a t  h e a t i n g
1 . 8 - C i o H ^ C l 2 o r  1 , 8 -C^Ql I^Br^  w i t h  2-0^^11^60^11 a t  110°
r e s u l t e d  i n  an i r r e v e r s i b l e  m i g r a t i o n  o f  one  h a l o g e n  a tom
\
t o  t h e  a d j a c e n t  p - p o s i t i o n .
I t  was t h e r e f o r e  c o n s i d e r e d  r e a s o n a b l e  t o  e s t a b l i s h  
e v i d e n c e  f o r  t h e  o r i e n t a t i o n  o f  t h e  m e t h y l  a n d  c a r b o x y l i c '  
a c i d  g r o u p s .
The e v i d e n c e  i s  a s  f o l l o w s 2
a )  The a c i d  i s  s y n t h e s i z e d  f r o m  1 , 1 * - b i n a p h t h y 1 - 8 , 8  *-  
d i  c a r b o x y l i c  a c i d  w h i c h  c an  i t s e l f  be  e a s i l y  c o n v e r t e d  i n t o  
o n t h a n t h r o n e  ( H . G . R u l e  and  F , R . S m i t h ,  J ,  Chem. S o c , ,  1937>
1 0 9 6 ;  Y o B a d a r ,  A , S . C o o k e  an d  M . M . H a r r i s ,  J .  Chem, 8 0 c . ,
1 9 6 6 , 1 3 1 5 ) .
b )  The m e t h y l  a c i d ,  i n  q u i n o l i n e ,  was r e f l u x e d  w i t h  
c o p p e r  b r o n z e  t o  d e c a r b o x y l a t e  t h e  a c i d .  The i n f r a r e d  
s p e c t r u m  a n d  m , p ,  o f  t h e  h y d r o c a r b o n  t h u s  o b t a i n e d  w e r e  
f o u n d  t o  be  i d e n t i c a l  w i t h  t h o s e  o f  8 - r a e t h y l - l , 1 *- b i n a p  l i t h y l , 
f o r  w h i c h  t h e  o r i e n t a t i o n  o f  t h e  m e t h y l  g r o u p  t o  t h e  8 - p o s i t i o n  
h a s  b e e n  e s t a b l i s h e d  ( A , S . C o o k e  a n d  M . M . H a r r i s ,  J ,  Chem, I
S o c . 0 C, 1 9 6 7 ,  9 8 8 ) ,  A maxed  r a . p ,  w i t h  a  s p e c i m e n  p r e p a r e d  
f r o m  1 , i * - b i n a p h t h y l - 8 - c a r b o x y l i c  a c i d  c o n f i r m e d  t h a t  t h e  
h y d r o c a r b o n  was  8 - m e t h y l - l , 1 * - b i n a p h t h y l ,
c )  On b o i l i n g  t h e  a c i d  w i t h  a c e t i c  a n h y d r i d e  u n d e r  i 
r e f l u x  f o r  5 h o u r s  a  m i x e d  a n h y d r i d e  was  o b t a i n e d .  L o n g e r   ^
b o i l i n g  g a v e  a s m a l l  q u a n t i t y  o f  1 3 - m e t h y l - 7 - o x 6 d i b e n z  ( a ,  k l )
t) 6) ‘
a n t h r a c e n e  w h i c h  shows a m a j o r  p e a k  i n  t h e  i n f r a r e d  
s p e c t r u m  a t  t h e  l ow v a l u e  o f  1633 cm ^ c o r r e s p o n d i n g  t o  t h a t  
a t  1637  cm ^ a t t r i b u t e d  t o  t h e  c a r b o x y l  g r o u p  i n  p h o n a l e n e -  
1—one  (N . H . C r o m w e l l  and  G.C.  Hudson ,  J .  Amer . Chem. S o c . ,
1 9 5 3 ,  7,5, 87 2 ; D. H. R e i d  and  R. G. S u t h e r l a n d ,  J .  Ch em. So c .’ ,
1 : 
1 9 6 3 ,  3 2 9 5 )  and  a t  a p p r o x i m a t e l y  1640 cm" i n  7 - o x o d i b e n x
a n t h r a c e n e  (Y. B a d a r ,  A. S.  Cooke a n d  M.M. H a r r i s ,
J .  Chem. S o c . , C. 19 6 6 ,  1315 ;  N . H . C r o m w e l l  a nd  G.V.
H u d s o n ,  J .  Amer . Chem. S o c . , 1 9 6 3 ,  3 2 9 5 ) .  R i n g  s h u t t i n g
i s  r e l a t i v e l y  i n h i b i t e d  i n  t h i s  compound ,  i n  c o m p a r i s o n
w i t h  t h e  8 -  o r  8 , 8 ' - c a r b o x y l i c  a c i d s ,  and  t h i s  i s  p r o b a b l y
d u e  t o  t h e  s t e r i c  i n f l u e n c e  o f  t h e  m e t h y l  g r o u p .  The c a r b o x y l
p e a k  i n  t h e  m e t h y l  a c i d  i t s e l f  i s  a t  1689 cm"^ .
T h i s  c h e m i c a l  e v i d e n c e ,  a s  w e l l  a s  t h e  s y n t h e s i s  f r o m
t h e  8 , 8 ' - d i a c i d  f i r m l y  e s t a b l i s h  t h e  s i t u a t i o n  o f  t h e  m e t h y l  ■
a n d  t h e  c a r b o x y l  g r o u p s  i n  t h e  8 -  an d  8 ' - p o s i t i o n s .
( i l l ) .  R e s o l u t i o n .
The r e s o l u t i o n  o f  t h e  m e t h y l  a c i d  was a c h i e v e d  t h r o u g h  
i t s  b r u c i n e  s a l t s .  A r r h e n i u s  p a r a m e t e r s  a n d  t r a n s i t i o n  ;
s t a t e  t h e o r y  f u n c t i o n s  f o r  r a c é m i s a t i o n  i n  N , N - d i m e t h y l -  
f o r m a m i d e  s o l u t i o n  h a v e  b e e n  d e t e r m i n e d  a n d  c o m p a r e d  w i t h  t h o s e  
f o r  o p t i c a ] ^  a c t i v e  1 , 1 ' - b i n a p h t h y 1 an d  i t s  r e l e v a n t  s u b s t i t u t i o n  
p r o d u c t s  ( T a b l e  I I I ) .
( I V ) . C o m p a r a t i v e  o p t i c a l  s t a b i l i t i e s .
The r a c é m i s a t i o n  o f  o p t i c a l l y  a c t i v e  l , l ' - b i n a p h t h y l -  
8 , 8 ' - d i c a r b o x y l i c  a c i d  and  some o f  i t s  e s t e r s  a n d  o f  1 , 1 ' -
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b i n a p h t h y 1 h a v e  a l r e a d y  b e e n  f o l l o w e d  ( A . S . C o o k e  a n d  M.M.
H a r r i s ,  J .  Chem. S o c . , 1963 ,  2365 and  r e f e r e n c e s  t h e r e i n ) .
T h e r e  h a s  b e e n  o b s e r v e d  a  s t r i d i n g  s i m i l a r i t y  i n  t h e  A r r h e n i u s
p a r a m e t e r s  ( a n d  t r a n s i t i o n  s t a t e  t h e o r y  f u n c t i o n s )  f o r  t h e s e
c o m p o u n d s . The l ow  o p t i c a l  s t a b i l i t y  o f  t h e s e  c o m p o u n d s ,
i n  c o m p a r i s o n  w i t h  t h o s e \ o f  t h e  2 -  an d  2 , 2 ' - s u b s t i t u t e d
1 , 1 ' - b i n a p h t h y l s  may be  p a r t l y  ex p la in ed  on t h e  b a s i s  o f
m o l e c u l a r  d e f o r m a t i o n  i n  t h e  g r o u n d  s t a t e  w i t h  a  c o n s e q u e n t
i n c r e a s e  i n  e n e r g y ,  t h e r e b y ,  l o w e r i n g  t h e  o b s e r v e d  a c t i v a t i o n
e n e r g y  f o r  r a c é m i s a t i o n ,  E • T h a t  t h e  s i m i l a r i t y  o f  t h e
A r r h e n i u s  p a r a m e t e r s  o f  t h e  8 , 8 ' - d i a c i d ,  t h e  8 - a c i d  a n d  t h e i r
e s t e r s  t o  t h o s e  o f  1 , 1 ' - b i n a p h t h y 1 i t s e l f  d e p e n d s  u p o n  some
p e c u l i a r  p r o p e r t y  o f  t h e  c a r b o x y l  and  e s t e r  g r o u p s ,  a s  w e l l
a s  t h e  o v e r a l l  d i s t o t t e d  g e o m e t r y  o f  t h e  m o l e c u l e  i s  a p p a r e n t
f r o m  a c o m p a r i s o n  o f  t h e  A r r h e n i u s  p a r a m e t e r s  o f  t h e s e
compounds  w i t h  t h o s e  o f  o p t i c a l l y  a c t i v e  compo und s  w i t h  t h e
t e t r a h e d r a l  o b s t a c l e s  -CH^ and  -CH^OH i n  t h e  8 , 8 ' - p o s i t i o n s
( Y . B a d a r ,  A . S . C o o k e  an d  M . M . H a r r i s ,  J .  Chem. S o c . , 1 9 6 5 ,
1 4 1 2 ) .  The m e t h y l / a n d  h y d r o x y m e t h y l  g r o u p s  p r e s e n t  a  h i , g h e r
e n e r g y  b a r r i e r  t o  i n v e r s i o n  t h a n  t h e  : g r o u p s  -CO^H,  -CO^Me
a n d  COgEt w h i c h  h a v e  a s i m i l a r  " p l a n a r ” s t r u c t u r e  a s  o b s t a c l e s .
Ho w ev e r ,  t h e  o p t i c a l  s t a b i l i t y  d o e s  n o t  a p p r o a c h  t h a t  o f  t h e
2 , 2 ' - d i s u b s t i t u t e d  compounds  an d  t h i s  i s  t a i t e n  a s  e v i d e n c e
t h a t  t h e  o b s e r v e d  E i n  a l l  8 , 8 ' - d i s u b s t i t u t e d  co mp oun ds  i sr  ac
s u b s t a n t i a l l y  l o w e r e d  by t h e  g r o u n d  s t a t e  e n e r g y .  The 
Ç
o b s t a j ^ e  e f f e c t  o f  t h e s ô  g r o u p s  i s  e n h a n c e d  by  t h e  f a c t  t h a t  
t h e y  a r e  f o r v e d  by  t h e i r  v e r y  n a t u r e  t o  s u b t e n d  a  l a r g e r
s s
a n g l e  a i  t h e  l , l * - p i v o i  bond  t h a n  do t h e  p l a n a r  s u b s t i t u e n t  
g r o u p s *  T h i s  i n t r o d u c e s  an e l e m e n t  o f  h i g h e r  c o m p r e s s i o n  
i n t o  t h e  m e s o i d  t r a n s i t i o n  s t a t e  t h r o u g h  w h i c h  t h e s e  
co mpounds  a r e  p r e s u m e d  t o  r a c e m i s e *  T h i s  r n e s ^ d  t r a n s i t i o n
a t a t e ,  t h e r e f o r e ,  c a n  be  r e a c h e d  by a  f u r t h e r  d e f o r m a t i o n *
\
I t  a p p e a r s  a s  i f  t h e  g r o u n d  s t a t e  d e f o r m a t i o n  i n  t h e  
a c i d s  an d  e s t e r s  i s  s u c h  t h a t  t h e  compounds  r e a c h  t h e  
t r a n s i t i o n  s t a t e  a s  e a s i l y  a s  i f  t h e  s u b s t i t u e n t  g r o u p s  w e r e  
n o t  t h e r e  a t  a l l *  On t h e  o t h e r  h a n d  m e t h y l  a n d  h yd r o x ym  e t h y l  
g r o u p s  p r o t i d e  e f f e c t i v e  b a r r i e r s *  Work on  s i n g l y  s u b s t i t ­
u t e d  1 , 1  *- b i n a p h t h y l s  ( A .S . C o o k e  an d  M . M * H a r r i s  J* Chem* S o c * ,
C, 1 9 6 7 ,  9 8 8 )  h a s  a l s o  shown t h a t  t h e  i n c r e m e n t  i n  E —” ' r a c
b a s e d  u p o n  t h e  p a r a m e t e r  E^^^ f o r  1 , 1 * - b i n a p h t h y 1 i t s e l f  ,
i s  s i g n i f i c a n t  f o r  -CH^ and  -Cli^OH w h e r e a s  -  CO ^  h o r  CO^Me
i n  t h e  same p o s i t i o n s  show no e f f e c t  ( T a b l e  I I ) .  I t  h a s  b e e n
f o u n d  i n  g e n e r a l  t h a t  two s u b s t i t u t i o n s  w i t h  -CH^ a n d  -CH^OH
show i n c r e m e n t s  i n  E w h i c h  a r e  a p p r o x i m a t e l y  t h e  sums o frcic
t h o s e  o b s e r v e d  f o r  one  s u b s t i t u t i o n  and  t h i s  i s  p r o b a b l y  
c o n n e c t e d  w i t h  t h e  u s e  o f  s y m m e t r i c a l  b e n d i n g  o f  t h e  t y p e  
shown b e i d w  i n  an  e x a g g e r a t e d  f o r m ,  i n  w h i c h  r e l e a s e  o f  
p r e s s u r e  on on e  s i d e  d o e s  n o t  s e t  up  a d d i t i o n a l  p r e s s u r e  on  
t h e  o t h e r  ; t h e  two r e l e a s e s  b e i n g  m u t u a l l y  h e l p f u l l *
H
H
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The l a t e r % a l  d e p i c t e d  h e r e ,  i s  a c c o m p a n i e d  by
o u t - o f - p l a n e  b e n d i n g .
T h e s e  o b s e r v a t i o n s  w e r e  c o m p a r ed  w i t h  t h o s e  o f  
8 ' -me  t h y  1 - 1 , 1  * - b i n a p h t h y  1 - 8 - c a r  boxy  l i e  a c i d  :
T a b l e  I I I ,  s hows  t h a t  t h e  A r r h e n i u s  and  t r a n s i t i o n —s t a t e  
t h e o r y  f u n c t i o n s  f o r  8 * - m e t h y l - l , 1 ' - b i n a p h t h y l - 8 - c a r b o x y l i c  
a c i d  a r e  v i r t u a l l y  i d e n t i c a l  w i t h  t h o s e  f o r  8 - m e t h y l - l , 1  *-
b i n a p h t h y l .  T h i s  means  t h a t  t h e  c o n t r i b u t i o n  t o  E i sr a c
f r o m  t h e  m e t h y l  g r o u p s  o n l y .  Doth  t h e  m e t h y l  a nd  t h e  
c a r b o x y l  g r o u p s  h a v e  an  e f f e c t  on t h e  g r o u n d  s t a t e  e n e r g y  
o f  t h e  m o l e c u l e ,  b u t  i t  i s  o n l y  t h e  m e t h y l  g r o u p  t h a t  h a s  
an  a p p r e c i a b l e  c o n t r i b u t i o n  t o  t h e  t r a n s i t i o n  s t a t e  e n e r g y .
I n  o t h e r  w o r d s  i n  t h e  t r a n s  p a s s i n g  p o s i t i o n  t h e  c a r b o x y l  
g r o u p  o f f e r s  a n e g l i g i b l e  s t e r i c  r e t a r d a t i o n ,
B. 2 , 2 ' - D i m e t h y l - 1 , 1 ^ - b i n a p h t h y l :
2 , 2 ' - D i m e t h y l - 1 , 1 ' - b i n a p h t h y l ,  l i k e  o t h e r  2 , 2 ' - d i s u b s t i t u t e d  
b i n a p h t h y l s  was  f o u n d  t o  be  h i g h l y  o p t i c a l l y  s t a b l e .
U s i n g  c l a s s i c a l  m o d e l s  s i m i l a r  r e s i s t a n c e  t o  p a s s i n g  
f r o m  t h e  R-  t o  t h e  S -  c o n f i g u r a t i o n  i s  f o u n d  f o r  1 , 1 * -  
b i n a p h t h y l - S , S ' - d i c a r b o x y l i c  a c i d  ( l ) ,  and  1 , 1 * - b i n a p h t h y 1 -  
2 , 2 * - d i c a r b o x y l i c  a c i d  ( l l )
HO
I
O p H
HO^C
U
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S m a l l  d i f f e r e n c e s  a r e  o b s e r v e d ,  s u c h  a s  t h e  a b i l i t y  o f  t h e  
c a r b o x y l  g r o u p s  o f  t h e  8 , 8  * - a c i d  t o  f o rm  i n t e r n a l  h y d r o g e n  
b o n d s ,  o r  e a c h  t o  be  c o p l a n a r  w i t h  an d  c o n j u g a t e d  w i t h  t h e  
n a p h t h a l e n e  n u c l e u s  t o  w h i c h  i t  i s  a t t a c h e d .  H o w ev e r ,  t h e
m a j o r  d i f f e r e n c e  o b s e r v e d  i s  i n  t h e  d i s t a n c e  b e t w e e n  t h e
\
c a r b o n  a to m s  and  . I n  a c i d  ( l )  t h e  ^ ( a ) ’" ^ ( b )
d i s t a n c e  i s  2 . 4 Â ,  w h e r e a s  i n  a c i d  ( l l ) ,  t h e  
d i s t a n c e  i s  2 . 9 Â ,  t h e s e  f i g u r e s  b e i n g  o b t a i n e d  f r o m  a s c a l e  
d i a g r a m ,  u s i n g  bo nd  l e n g t h s  an d  a n g l e s  by J .  T r o t t e r  (A c t a . 
C r y s t . , 1 96 0 ,  12 ,  7 3 2 )  f o r  1 - n a p h t h o i c  a c i d .
E.  I l a r n i k ,  F . H .  H e r b s t e i n ,  G . M . J .  S c h m i d t  a n d  F . L .
H i r s h f e l d  (J« Chem# S o c . ,  19 54 ,  32 88 )  s t a t e d  t h a t  o v e r c r o w d i n g  
b e g i n s  when t h e  u n p e r t u r b e d  s t r u c t u r e s  b r i n g  t h e  c a r b o n  
a t o m s  ( a l i p h a t i c  o r  a r o m a t i c )  t o  w i t h i n  3.0Â# The s t r a i n  
r e s u l t i n g  f r om  s u c h  an  o v e r c r o w d i n g  i s  r e l i e v e d  by  an  
o u t - o f - p l a n e  d i s t o r t i o n  w h i c h  t e n d s  t o  be  s p r e a d  o v e r  t h e  
w h o l e  m o l e c u l e  r a t h e r  t h a n  by s t r e t c h i n g  o f  p a r t i c u l a r  b o n d s#  
I n  1 , 1  *- b i n a p h t h y 1 - 8 , 8  * - d i c a r b o x y l i c  a c i d  w h e r e  t h e  
-GOGH g r o u p  i s  2#4Â d i s t a n t  f r o m  t h e  1 ' - c a r b o n  a t o m ,  t h e r e  
m u s t  b e  d e f o r m a t i o n  i n  t h e  g r o u n d  s t a t e ,  b u t  t h i s  d e f o r m a t i o n  
i s  n o t  l i k e l y  t o  be  l a r g e  i n  t h e  2 , 2 ' - a c i d  a n d  o t h e r  2 , 2 ' -  
d i s u b s t i t u t e d  1 , 1 ' —b i n a p h t h y l s ,  w h e r e  t h e  d i s t a n c e
i s  2 . 9 Â .
I t  s e e m s ,  t h e r e f o r e ,  r e a s o n a b l e  t o  c o n c l u d e  t h a t  
2 , 2 ' - d i m e t h y l - 1 , 1 ' - b i n a p h t h y l  h a s  a  s m a l l e r  d e f o r m a t i o n  i n  
t h e  g r o u n d  s t a t e  t h a n  8 , 8 ' —d i m e t h y l —1 , 1 ' —d i n a p h t h y l  (Y . B a d a r ,
6 5
A . S .  Cooke  an d  M.M. H a r r i s  ( J .  Chem. S o c . , 1 9 6 5 ,  1 4 1 2 ) .
He nce  i t s  h i g h  o p t i c a l  s t a b i l i t y .  The a t t e m p t  t o  r a c e m i s e  
i t  a t  h i g h e r  t e m p e r a t u r e s  was made t o  s e e  i f  t h e r e  i s  a  
t e m p e r a t u r e  a b o v e  w h i c h  t h e  compound b e g i n s  t o  r a c e m i s e ,
b u t  no r a c é m i s a t i o n  c o u l d  be  o b s e r v e d  b e l o w  t e m p e r a t u r e s
\
h i g h  e n o u g h  t o  c a u s e  d e c o m p o s i t i o n .
\
f
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6 .  THE ULTRAVIOLET SPECTRA OF THE 1 . 1  ' -BINAPHTHYLS
( i ) I n t r o d u c t i o n
t h e  a b s o r p t i o n  o f  u l t r a v i o l e t  o r  v i s i b l e  l i g h t  by  o r g a n i c  
m o l e c u l e s  i s  a c c o m p a n i e d  by  t h e  e x c i t a t i o n  o f  v a l e n c y  e l e c t r o n s  
t o  h i g h e r  e n e r g y  l e v e l s ,  t h e  f r e q u e n c y  \) o f  t h e  l i g h t  b e i n g  
r e l a t e d  t o  t h e  d i f f e r e n c e  ^ E ,  b e t w e e n  t h e s e  e n e r g y  l e v e l s
r*
by t h e  e q u a t i o n , = h\) w h e r e  h  i s  Planbk! s c o n s t a n t  a n d  \) 
i s  t h e  f r e q u e n c y  o f  t h e  l i g h t  a b s o r b e d  o r  e m i t t e d .
S i n c e  '  ^ = f ,  A e  = ^ .
X-7C* E l e c t r o n  t r a n s i t i o n s ,  i . e .  t r a n s i t i o n s  i n  w h i c h  a  . 
x - e l e c t r o n  i s  e x c i t e d  t o  an  a n t i b o n d i n g  T i - o r b i t a l , g i v e  
r i s e  t o  a b s o r p t i o n  i n  t h e  r e g i o n  X = 2 0 0 m |i t o  X = 1 0 0 0 m | i .
He nce  a  s t u d y  o f  t h e  u l t r a v i o l e t  s p e c t r a  i n  t h i s  r e g i o n  
c a n  p r o v i d e  in f o r m a t io n  regard ing  t h e  d i s t r i b u t i o n  o f  
u n s a t u r a t e d  l i n l ^ a g e s  w i t h i n  a  m o l e c u l e .
I f  a m o l e c u l e  c o n t a i n s  two u n s a t u r a t e d  l i n k a g e s  w h i c h  
a r e  s e p a r a t e d  by more  t h a n  one  s i n g l e  b o n d ,  t h e  r e s u l t a n t ,  
e f f e c t  on  t h e  a b s o r p t i o n ^  s p e c t r u m  o f  t h e  m o l e c u l e  i s  a d d i t i v e ;
I
b u t  when  s u c h  c h r o m o p h o r e s  a r e  s e p a r a t e d  by  a  s i n g l e  b o n d ,  
t h e  a b s o r p t i o n  s p e c t r u m  shows o t h e r  c h a r a c t e r i s t i c s  t h a t  
a r e  t y p i c a l  o f  a l l  c o n j u g a t e d  s y s t e m s .  As t h e  n u m b e r  o f  
d o u b l e  b o n d s  i n  a  c o n j u g a t e d  s y s t e m  i n c r e a s e s ,  t h e  a b s o r p t i o n  
comes  t o  p r o g r e s s i v e l y  l o n g e r  w a v e l e n g t h s .  T h i s  i s  r e a d i l y  
u n d e r s t o o d  by  a  c o n s i d e r a t i o n  o f  t h e . t y p e  o f  r e s o n a n c e  i n
v a r i o u s  m o l e c u l e s *
F o r  e t h y l e n e ,  t h e  g r o u n d  s t a t e  a nd  t h e  m o s t  s t a b l e  o f  
t h e  e x c i t e d  s t a t e s  c a n  be  d i s c u s s e d  on  t h e  b a s i s  o f
6 '^
r e s o n a n c e  among s t r u c t u r e s  I ,  I I  and  I I I ,
(39 (J)
= *^^2 HgC -  CHg H^C -  CHg
I  ' I I  I I I
F o r  1 , 4 - p e n t a d i e n e ,  w h i c h  c o n t a i n s  a  p a i r  o f  i s o l a t e d
d o u b l e  b o n d s ,  t h e r e  a r e  n i n e  s u c h  s t r u c t u r e s ,  I V - X I I : -
HgC = CH - CHg - CH = CHg ' H^C = CH - CH^ - CH - CH^
IV  V
HgC = CH - CHg - CH - CH^ H^C - CH - CH^ - CH = CH^
VI V I I
HgC - CH - CHg - CH - CHg H^C - CH - CH^ - C - CH^
V I I I  . IX
• •© • •© ©  (© •
HgC - CH - CHg - CH = CHg H^C - CH - CH^ - CH - CH^
X IX
» •© ® • •& ®
HgC - CH -  CHg - CH - CHg
X I I
As a  r e s u l t  o f  t h e  i n s u l a t i n g  e f f e c t  o f  t h e  c e n t r a l  
m e t h y l e n e  g r o u p ,  t h e  two d o u b l e  b o n d s  a r e  n e a r l y  a s  i n d e p ­
e n d e n t  o f  e a c h  o t h e r  a s  i f  t h e y  b e l o n g  t o  two s e p a r a t e
/  '
/  m o l e c u l e s .  He nce  t h e  m o l e c u l e  a b s o r b e  a t  a b o u t  t h e  same
w a v e l e n g t h  a s  d o e s  1 - p e n t e n e ,  b u t  w i t h  t w i c e  t h e  i n t e n s i t y
(L,  B a t e m a n  a n d  H . P . K o c h ,  j l .  Chem. S o c . , 1 9 4 4 ,  6 0 0 ) .
W i t h  1 , 3 - b u t a d i e n e ,  a s  w e l l  a s  t h e  n i n e  s t r u c t u r e s
a n a l o g o u s  t o  I V - X I I f  t h r e e  a d d i t i o n a l  s t r u c t u r e s  c a n  be
w r i t t e n * — *
©  . . ©
HgC - CH = CH - CHg HgC - CH = C - CH^
. .© ©
HgC -  CH = CH -  CHg
■ "  ' :■ -, '  .
4 ' XV ' :
Uo
T h e s e  t h r e e  s t r u c t u r e s  h a v e  no c l o s e  a n a l o g u e s  i n  t h e  
u n c o n j u g a t e d  s y s t e m s *  I n  t h i s  m o l e c u l e  t h e  d o u b l e  b o n d s  
a r e  l e s s  i n d e p e n d e n t  o f  e a c h  o t h e r  and  i t s  s p e c t r u m  i s  
t h e r e f o r e  d i f f e r e n t  f r om t h a t  o f  1 , 4 - p e n t a d i e n e .  C o n s i d e r i n g  
t h e  e f f e c t  o f  t h e  r e s p e c t i v e  p o s s i b i l i t i e s  o f  r  e s o r  an c e ,  
i t  c a n  be  s a i d  t h a t ,  w i t h  1 , 3 - b u t a d i e n e ,  t h e  e f f e c t  o f  t h e  
a d d i t i o n a l  s t r u c t u r e s  X I I I - X V  w i l l  be  t o  l o w e r  b o t h  t h e  
e n e r g y  o f  t h e  g r o u n d  s t a t e  and  t h a t  o f  t h e  l o w e s t  e x c i t e d  
s t a t e .  The m a g n i t u d e  o f  t h i s  s t a b i l i z a t i o n  i n  t h e  g r o u n d  
s t a t e  i s  e q u a l  t o  t h e  r e s o n a n c e  e n e r g y  o f  t h e  s u b s t a n c e ,
( 3 , 5  K c a l . m o l e  ^ ) ,  T h i s  s t a b i l i z a t i o n  i s  r a t h e r  s m a l l  a n d  
t h i s  a c c o r d s  w i t h  t h e  v i e w  t h a t  t h e  s t r u c t u r e s  X I I I - X V ,  
a r e  r e l a t i v e l y  u n s t a b l e  and  t h a t  t h e  a c t u a l  s t a t e  o f  t h e  
n o r m a l  b u t a d i e n e  m o l e c u l e  c a n  be  r e p r e s e n t e d  by  t h e  c o n v e n t ­
i o n a l  s t r u c t u r e  XVI,  t h e  analogue o f  IV.
H^C = CH -  CH = CH^
XVI
H o w e v e r ,  t h e  s t a b i l i z a t i o n  o f  t h e  e x c i t e d  s t a t e  s h o u l d  be  
a p p r e c i a b l y  g r e a t e r  t h a n  t h a t  o f  t h e  g r o u n d  s t a t e  s i n c e ,  i n  
c o m p a r i s o n  w i t h  t h e  h i g h  e n e r g y  o f  t h e  f o r m e r  s t a t e ,  
s t r u c t u r e s  X I I I - X V  a r e  n o t  e x t r e m e l y  u n s t a b l e .  T h e s e  l a t t e r  
s t r u c t u r e s  t h e r e f o r e ,  malte s i g n i f i c a n t  c o n t r i b u t i o n s  so  t h a t  
t h e  r e s o n a n c e  e n e r g y  i s  f a i r l y  l a r g e  and  t h e  t r u e  s t a t e  o f  
t h e  e x c i t e d  m o l e c u l e  c a n  o n l y  b e  r e p r e s e n t e d  by  a  " r e s o n a n c e  
h y b r i d " .  He nce  t h e  e n e r g y  o f  t h e  e x c i t e d  s t a t e  i s  l o w e r e d
6*7
by  t h e  c o n j u g a t i o n  more  t h a n  i s  t h e  g r o u n d  s t a t e , a n d  
t h e r e f o r e  t h e  e x c i t e d  e n e r g y  m u s t  be  d e c r e a s e d  by  t h e  
c o n j u g a t i o n  and  h e n c e  t h e  a b s o r p t i o n  w i l l  b e  d i s p l a c e d  
t o  l o w e r  e n e r g y  i . e .  t o  l o n g e r  w a v e l e n g t h s ,  a s  i s  o b s e r v e d .
The a b o v e  s i m p l e  an d  q u a l i t a t i v e  v i e w p o i n t  c a n  a l s o  b e  
u s e d  t o  i n t e r p r e t  an o th e r ^  f e a t u r e  o f  t h e  s p e c t r a  o f  u n c o n j u ­
g a t e d  1 , 4 - p e n t a d i e n e  a nd  t h a t  o f  t h e  c o n j u g a t e d ,  1 , 3 —b u t a d i e n e .  
W i t h  1 , 4 - p e n t a d i e n e ,  t h e r e  a r e  two e x c i t e d  s t a t e s  h a v i n g  
n e a r l y  t h e  same e n e r g y  ( i . e .  o n e  s t a t e  f o r  e a c h  d o u b l e  b o n d ) ;  
a n d  t h e  o b s e r v e d  i n t e n s i t y  i s  t h e  sum o f  t h e  i n t e n s i t i e s  f o r  
t h e  two a l m o s t  c o m p l e t e l y  i n d e p e n d e n t  t r a n s i t i o n s .  W i t h  
1 y3 - b u t a d i e n e ,  t h e  a b s o r p t i o n  a t  210mp i s  p r e s u m e d  t o  b e  d u e  
a  t r a n s i t i o n  t o  a  s i n g l e  e l e c t r o n i c a l l y  e x c i t e d  s t a t e  ; h e n c e  
t h e  i n t e n s i t y  w o u l d  be  e x p e c t e d  t o  be  o n l y  h a l f  a s  g r e a t  a s
w i t h  1 , 4 - p e n t a d i e n e .  H ow eve r ,  t h e  v a l u e s  b o t h  o f  E! a n d  ' '  max
t h e  i n t e g r a t e d  i n t e n s i t y  a p p e a r  t o  be  a p p r o x i m a t e l y  e q u a l  
f o r  t h e  two c o m p o u n d s .  T h i s  u n e x p e c t e d  o b s e r v a t i o n  i s  
e x p l a i n e d  on t h e  b a s i s  o f  t h e  e x c e p t i o n a l l y  l a r g e  d i p o l e  
mo me n t s  t h a t  a r e  a s s o c i a t e d  w i t h  s t r u c t u r e s  XIV a n d  XV, The  
c o m p l e t e  e q u i v a l e n c e  o f  t h e s e  two s t r u c t u r e s  e n s u r e s  t h a t  
t h e i r  e f f e c t s  u p o n  t h e  n e t  d i p o l e  moment  o f  t h e  m o l e c u l e  
m u s t  e x a c t l y  c a n c e l  e a c h  o t h e r  i n  b o t h  t h e  g r o u n d  a n d  e x c i t e d  
s t a t e s .  H o w e v e r ,  i t  h a s  b e e n  shown ( R . S .  Mu1 l i k e n ,  J .  Chem. 
P h y s . ,  1 9 3 9 ,  7 ,  1 2 1 ,  3 6 4 ,  570 ;  L,  P a u l i n g ,  P r o c . N a t l .  A c a d , 
S c i , , U . S .  1 9 3 9 ,  25 ,  577)  t h a t  t h e  l a r g e  m o m e n t s  o f  t h e  
i n d i v i d u a l  s t r u c t u r e s ,  o r ,  m o re  p r e c i s e l y ,  t h e  l a r g e  d i f f e r e n ­
c e s  b e t w e e n  t h e  c o r r e s p o n d i n g  a v e r a g e  d i s t r i b u t i o n s  o f  c h a r g e .
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m u s t  l e a d  t o  i n t e n s e  a b s o r p t i o n  o f  l i g h t .  The f a c t  t h a t  t h e  
a b s o r p t i o n  d u e  t o  t h e  o n e  e l e c t r o n i c  t r a n s i t i o n  i n  1 , 3 —b u t a d i e n e  
i s  c o n s i d e r a b l y  mor e  t h a n  h a l f  a s  i n t e n s e  a s  i s  t h a t  d u e  
t o  t h e  two t r a n s i t i o n s  i n  1 , 4 - p e n t a d i e n e ,  c a n  t h e r e f o r e  
b e  e x p l a i n e d  on  t h e  g r o u n d s  t h a t  t h e  d i p o l e  m o m e n t s  o f  t h e  
s t r u c t u r e s  XIV a n d  XV a r e  l a r g e r  t h a n  a r e  t h o s e  o f  t h e  
c o r r e s p o n d i n g  s t r u c t u r e s  V - X I I ,
( i i )  U l t r a v i o l e t  s p e c t r a  i n  t h e  B i p h e n y l  s e r i e s ;
B e n z e n e  h a s  two m a i n  a b s o r p t i o n  b a n d s ,  t h e  f i r s t  o n e  
h a s  a  h i g h  i n t e n s i t y  (C a b o u t  8 , 0 0 0 )  a n d  a p p e a r s  i n  t h e  
r e g i o n  o f  198m(i w h i c h  i s  o u t s i d e  t h e  l i m i t  o f  t h e  u s u a l  
q u a r t z  s p e c t r o p h o t o m e t e r .  T h i s  b a n d  c o r r e s p o n d s  t o  t h a t  
f o u n d  i n  o t h e r  c o n j u g a t e d  s y s t e m s .  The o t h e r  r e g i o n  o f  
a b s o r p t i o n  i s  b e t w e e n  230 and  270rap and  t h e  b a n d  i s  o f  a  
l ow  i n t e n s i t y  ( E  a b o u t  23 0 )  a nd  e x h i b i t s  c o n s i d e r a b l e  
f i n e  s t r u c t u r e s .  The b i p h e n y l  m o l e c u l e ,  X V I I ,  h o w e v e r ,  
h a s  a s p e c t r u m  w h i c h  i s  d i f f e r e n t  f r o m  t h a t  o f  b e n z e n e .
Maximum a b s o r p t i o n  o c c u r s  a t  255m|i a nd  t h e  i n t e n s i t y  i s  
i n c r e a s e d  ( E  1 8 , 0 0 0 )  and  f i n e  s t r u c t u r e  i s  l a c k i n g .  The  
s p e c t r u m  b e a r s  no  r e s e m b l a n c e  t o  t h e  s p e c t r u m  o f  t h e  
p a r t i a l  b e n z e n o i d  c h r o m o p h o r e s .  T h i s  i s  a t t r i b u t e d  t o  
c o n j u g a t i o n  b e t w e e n  t h e  a r o m a t i c  r i n g s .  The s p e c t r a  o f  
b i p h e n y l s ,  s u b s t i t u t e d  i n  p o s i t i o n s  o t h e r  t h a n  t h e  o r t h o  
p o s i t i o n s  e x h i b i t  t h i s  c o n j u g a t i o n  b a n d .  On t h e  o t h e r  h a n d ,  
t h e  s p e c t r a  o f  b i p h e n y l s  s u b s t i t u t e d  i n  t h e  o r t h o  p o s i t i o n s
■( r
show a  r e v e r s i o n  o f  t h e  b e n z e n o i d  t y p e .
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G.H.  B e a v e n  a n d  E .A.  J o h n s o n  ( P r o c e e d i n g s  o f  t h e  
C o n f e r e n c e  on  M o l e c u l a r  S p e c t r o s c o p y , Ed.  E.  T h o r n t o n  a nd  
H . W. Thompson ,  P e r g am o n  P r e s s ,  1 9 5 9 )  h a v e  d i s c u s s e d  t h e  
a b s o r p t i o n  s p e c t r a  o f  t h e  r a e t h y l b i p h e n y l s  a n d  t h e y  s t a t e  
t h a t  t h e  e f f e c t  o f  p r o g r e s s i v e l y  i n t r o d u c i n g  s u b s t i t u e n t s  
i n t o  b l o c k i n g  p o s i t i o n s  h a s  b e e n  m o s t  c o n v e n i e n t l y  s t u d i e d  
w i t h  m e t h y l  g r o u p s ,  a s  t h e s e  g r o u p s  h a v e  t h e  l e a s t  p e r t u r b i n g  
e f f e c t  on  t h e  e l e c t r o n i c  a b s o r p t i o n  s p e c t r u m  o f  t h e  p a r e n t  
b i p h e n y l  c h r o m o p h o r e ,  an d  t h e i r  a u x o c h r o m i c  p r o p e r t i e s ,  i n  
t h e  b e n z e n o i d  c h r o m o p h o r e  a r e  a l s o  w e l l  known ( R . N .  J o n e s ,
Chem, Rev,  , 1 9 4 3 ,  32 ,  1 ; R .A.  P r e i d e l  a n d  M, O r c h i n , U l t r a v i o  1 e t  
A b s o r p t i o n  S p e c t r a  o f  A r o m a t i c  C o m po un ds , p p .  1 3 - 2 7 ,  W i l e y ,
New Y o r k ,  1 9 5 1 )
A c l a s s i c a l  e x a m p l e  o f  t h e  e f f e c t  o f  c o m p l e t e  m e t h y l  
s u b s t i t u t i o n  i n  t h e  f o u r  o r t h o  p o s i t i o n s  on  t h e  u l t r a v i o l e t  
s p e c t r u m  o f  b i p h e n y l  i s  t h e  2 ,  2 *—4 , 4 * —6,  6 ' - s y m m e t r i c a l  
h e x a m e t h y l  d e r i v a t i v e  ( d i m e s i t y l ) ,  X V I I I ,
Hrvo-6
X V/;
X V I I I
The s p e c t r u m  o f  t h i s  compound was shoivn t o  be  c o m p a r a b l e  
e s p e c i a l l y  i n  t h e  250-290rap  r e g i o n ,  w i t h  t h a t  e x p e c t e d  f o r  
two  m o l e c u l e s  o f  t h e  c o r r e s p o n d i n g  1 , 3 , 5 - t r i m e t h y I b e n z e n e  
( m e s i t y l e n e ) , a b s o r b i n g  a d d i t i v e l y  ( M . T . 0 ' S h a u g h n e s s y  a n d  
W.H. R o d e b u s h ,  J ,  Amer , Chem, S o c .  , 1 9 4 0 ,  62^ , 2 9 0 6 ) .  The
i n t e n s e  c o n j u g a t i o n  b a n d  w h i c h  a p p e a r s  a t  248mg i n  b i p h e n y l
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^  max f was  n o t  e v i d e n t  i n  b i m e s i t y l .  L.  P a u l i n g  ( The 
Ng/biyie jof t h e  C he mj ca l  B o n d , 1 ^ ^  E d . ,  C o r n e l l  U n i v e r s i t y  P r e s s ,  
New Y o r k ,  1 93 9 )  e m p h a s i z e d  t h e  i m p o r t a n c e  o f  c o p l a n a r i t y  a s  
a  c o n d i t i o n  f o r  maximum c o n j u g a t i o n  i n  l i n k e d  s y s t e m s  o f  
0 1 e f i n i c  a n d  a r o m a t i c  d o u b l e  b o n d s  a nd  p o i n t e d  o u t  t h a t  
i n  b i p h e n y l  i t s e l f  t h e  " s t e r i c  i n t e r f e r e n c e "  b e t w e e n  o r t h o '  
p o s i t i o n s  d e t e r m i n e s  t h e  a c t u a l  d e g r e e  o f  c o n j u g a t i o n  b e t w e e n  
t h e  p h e n y l  g r o u p s .
The e f f e c t  o f  m e t h y l  g r o u p s  i n  t h e  3 -  o r  4 -  p o s i t i o n s  
o f  b i p h e n y l  i s  s m a l l  and  t h e  same a s  t h a t  on  o t h e r  a r o m a t i c  
c h r o m o p h o r e s .  The i n c r e a s e  i n  t h e  a b s o r p t i o n  i n t e n s i t y  
c a u s e d  by  a  4 - m e t h y l  g r o u p  i s  p r e s u m e d  t o  be  d u e  t o  h y p e r ­
c o n j u g a t i o n  p a r t i c i p a t i n g  i n  t h e  t o t a l  c o n j u g a t i o n  t h r o u g h  
t h e  1 , 1 ' - b o n d .  H ow eve r ,  a  s i n g l e  m e t h y l  g r o u p  i n  t h e  o r t h o  
p o s i t i o n  c a u s e d  a  r e d u c t i o n  i n  i n t e n s i t y  a n d  a  b l u e  s h i f t  o f  
t h e  c o n j u g a t i o n  b a n d ,  w h i c h  a l l o w s  t h e  p o o r l y  r e s o l v e d  l o w  
i n t e n s i t y  l o n g - w a v e  b a n d  t o  be  s e e n  a s  a n  i n f l e c t i o n .  I n  
2 , 2 ' - d i m e t h y l b i p h e n y l ,  t h e  s e c o n d  o r t h o  m e t h y l  g r o u p  h a s  a  
s t r i k i n g  e f f e c t .  The c o n j u g a t i o n  b a n d  i s  f u r t h e r  s h i f t e d  t o  
s h o r t e r  w a v e l e n g t h s  a s  an  u n r e s o l v e d  i n f l e c t i o n ,  o v e r l a p p e d  
by  t h e  m o re  i n t e n s e  b a n d  s y s t e m  a t  a b o u t  20 0m p . The  l o n g ­
wa ve  b a n d  be c o m e s  more  d e f i n i t e ,  a n d  h a s  f i n e  s t r u c t u r e ,
2 , 6 ^ - D i m e t h y l b i p h e n y l ,  w h i c h  i s  a s y m m e t r i c a l l y  s u b s t i t u t e d  
sh o w s  d i f f e r e n c e s ,  e s p e c i a l l y  a t  l o n g  w a v e l e n g t h s ,  f r o m  
2 , 2 ' - d i m e t h y l b i p h e n y l .  Ho w ev e r ,  t h e  s p e c t r a  a r e  s i m i l a r  a t  
s h o r t  w a v e l e n g t h s  w h i c h  s u g g e s t s  t h a t  t h e  d e g r e e  o f  c o n j u g ­
a t i o n  b e t w e e n  t h e  r i n g s  i s  t h e  same i n  t h e  two i s o m e r s .
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2 , 6 , 2 * - T r i m e t h y l -  and  2 , 6 '  — 2 ' 6  - t e t r a m e t h y l  — b i p h e n y l s  
show a p r o g r e s s i v e  d e v e l o p m e n t  o f  t h e  l o n g - w a v e  b a n d , a n d  
i n c r e a s i n g  b l u e  s h i f t  and  r e d u c e d  i n t e n s i t y  o f  t h e  c o n j u g a t i o n  
b a n d ,  u n t i l  i n  t h e  t e t r a m e t h y l  d e r i v a t i v e  when t h e  
c o n j u g a t i o n  b a n d  i s  o v e r l a p p e d  by  t h e  s h o r t - w a v e  b a n d  s y s t e m .  
L.W, P i c k e t ,  G .F .  W a l t e r  and  II, F r a n c e  ( j .  Amer . Chem. S o c .  , 
1 9 3 6 ,  58.) 229 6 )  h a v e  shown t h a t  2 ,  2 ' —4,  4*—6,  6 ' - h e x a c h l o r o -  
b i p h e n y l  h a s  a  s p e c t r u m  o f  s u b s t a n t i a l l y  t h e  t y p e  o b s e r v e d  
f o r  t r i c h l o r o b e n z e n e .
I t  was a t  one  t i m e  t h o u g h t  t h a t  c o n j u g a t i o n  a c r o s s  t h e  
1 , 1 ' - b o n d  was p o s s i b l e  o n l y  when t h e  b i p h e n y l  s y s t e m  was  
p l a n a r .  I t  was  a s s u m e d  t h a t  b i p h e n y l  m o l e c u l e s  l a c k i n g  i n  
o r t h o  s u b s t i t u e n t s  w e r e  p l a n a r ,  w i t h  c o m p l e t e  c o n j u g a t i o n  
b e t w e e n  t h e  b e n z e n e  n u c l e i ,  t h i s  g i v i n g  r i s e  t o  s p e c t r a l  
c h a n g e s  f rom t h e  b e n z e n o i d  t y p e ,  a  b a t h o c h r o m i c  s h i f t  on  
t h e  m a i n  a b s o r p t i o n  b a n d ,  a  c o n s i d e r a b l e  i n c r e a s e  i n  i n t e n s i t y  
a n d  a  l o s s  o f  f i n e  s t r u c t u r e .  P r o g r e s s i v e  i n t r o d u c t i o n  o f  
s u b s t i t u e n t s  i n  t h e  b l o c k i n g  p o s i t i o n s  w o u l d  g i v e  r i s e  t o  
h y p s o c h r o m i c  s h i f t s ,  d e c r e a s e  i n  i n t e n s i t y  o f  t h e  c o n j u g a t i o n  
b a n d  and  i n c r e a s e  i n  f i n e  s t r u c t u r e  o f  t h e  l ong -wav -e  b a n d ,  t h e  
s p e c t r u m  t h e r e f o r e ,  r e v e r t i n g  t o  t h e  s p e c t r u m  o f  t h e  i n d i v i d u a l  
b e n z e n o i d  c h r o m o p h o r e .
P.M.  E v e r i t t ,  P.M. H a l l  and  E . E .  T u r n e r  (J . Chem. S o c . .  
1 9 5 6 ,  228 6 )  d e t e r m i n e d  t h e  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  o f  
a  n um be r  d i a l k y l b i p h a n y l s  ( 2 , 2 ' - d i e t h y l - ^ ,  2 ' - d i i s o p r o p y l - o n d  
2 , 2 ' - d i - t e r t - b u t y l b i p h e n y l ) .  The u l t r a v i o l e t  s p e c t r u m  o f  2 , 2 ' -  
d i t o l y l  (G.H.  B e a v e n ,  G.R.  B i r d ,  D.M. H a l l ,  E . A .  J o h n s o n ,
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J . E .  L a d b u r y ,  M.S.  L e s s l i e  an d  E . E .  T u r n e r ,  J .  Chem. S o c . , 
1 9 5 5 ,  2708 )  was r e - e x a m i n e d  and  f o u n d  t o  show s l i g h t  c o n j u g ­
a t i o n  b e t w e e n  t h e  two b e n z e n e  r i n g s ,  i n  s p i t e  o f  t h e  s t e r i c  
e f f e c t  o f  t h e  o r t h o  m e t h y l  g r o u p s ;  t h e  i n f l e c t i o n  a t  a b o u t  
227m^i b e i n g  r e g a r d e d  a s  a  v e s t i g a l  c o n j u g a t i o n  b a n d  d i s p l a c e d  
t o  s h o r t e r  w a v e l e n g t h s .  The s p e c t r a  o f  2,  2 ' - d i t o l y l - , 2 , 2 ' -  
d i e t h y l - ,  2 , 2 ' - d i i s o p r o p y l ,  and 2 , 2 ' - d i - t e r t - b u t y l b i p h e n y l  
show a p r o g r e s s i v e  d e c r e a s e  i n  c o n j u g a t i o n  w i t h  i n c r e a s i n g  
s i z e  o f  t h e  a l k y l  g r o u p s  u n t i l  w i t h  t h e  l a s t  c om po und ,  no 
t r a c e  o f  a d i s c r e t e  c o n j u g a t i o n  b a n d  r e m a i n s .  I n  t h e  o t h e r  
compounds  t h e  i n f l e c t i o n  a t  227mq i s  a p p a r e n t ,  i t s  i n t e n s i t y  
d e c r e a s i n g  s l i g h t l y  f r om m e t h y l  t o  i s o p r o p y l .
U l t r a v i o l e t  s p e c t r a  o f  2 , 2 ' - d i a l k y I b i p h e n y l s  :
Compounds X ( i n f l e c t i o n ) g Xmin. e
2 , 2 ' - D i m e t h y l ( c a . 2 2 7 ) 6800 2 6 0 . 5 7 7 0
2 , 2 ' - D i e t h y l ( c a . 2 2 7 ) 6000 2 5 8 . 5 685
2 , 2 ' - D i i s o p r o p y l - ( c a . 2 2 7 ) 5500 254 630
2,  2 ' - D i - t - b u t y 1 2 4 9 . 5 290
M o r e o v e r ,  t h e  a b s o r p t i o n  minimum i n  d i - t - b u t y l b i p h e n y l  
moves  t o  p r o g r e s s i v e l y  l o n g e r  w a v e l e n g t h s .
The i n f l u e n c e  o f  o r t h o  s u b s t i t u e n t s  on  f r e e  r o t a t i o n  
a b o u t  t h e  i n t e r a n n u l a r  bond  d e t e r m i n e s  t h e  r a t e  o f  t h e r m a l  
r a c é m i s a t i o n  o f  o p t i c a l l y  a c t i v e  b i p h e n y l s .  As t h e  s i z e  
o f  t h e  o r t h o  s u b s t i t u e n t  d e c r e a s e s ,  t h e  co mpounds  become  
l e s s  o p t i c a l l y  s t a b l e .  Wi t h  much s m a l l e r  g r o u p s  i n  b l o c k i n g  
p o s i t i o n s ,  t h e  compounds  become u n r e s o l v a b l e  a l t h o u g h  t h e i r  
u l t r a v i o l e t  s p e c t r a  may s t i l l  i m p l y  a  l a c k  o f  o r  a d e c r e a s e
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i n  c o n j u g a t i o n .  T h i s  c an  be e x p l a i n e d  on t h e  b a s i s  t h a t  
o p t i c a l  a c t i v i t y  d e p e n d s  u p o n  t h e  e a s i n e s s  o f  r o t a t i o n  
a b o u t  t h e  1 , 1 ' - b o n d  i n  a s u b s t i t u t e d  b i p h e n y l  w h e r e a s  t h e  
d e g r e e  o f  c o n j u g a t i o n ,  o b s e r v e d  s p e c t r o s c o p i c a l l y  i s
d e t e r m i n e d  by  t h e  mean i n t e r p l a n a r  a n g l e  o f  t h e  b i p h e n y l
\
s y s t e m #  A s m a l l  s u b s t i t u e n t  may c a u s e  a  l a c k  o r  a d e c r e a s e  
i n  c o n j u g a t i o n ,  b u t  i t  may p r e s e n t  a  v e r y  s m a l l  b a r r i e r  t o  
o p t i c a l  i n v e r s i o n  o f  a b i p h e n y l  an d  t h e r e f o r e  malte t h e  • 
compound u n r e s o l v a b l e #
G.H,  Beave n  and  D.M. H a l l ,  ( J .  Chem. S o c . , 1 9 5 6 ,  4 6 3 7 )  
h a v e  shown t h a t  t h e  i n t r o d u c t i o n  o f  e v e n  a  s i n g l e  f l u o r i n e  
s u b s t i t u e n t  i n t o  one  o f  t h e  o r t h o - p o s i t i o n s  o f  b i p h e n y l s  
r e s u l t s  i n  a d e t e c t a b l e  b l u e  s h i f t  and  r e d u c t i o n  i n  i n t e n s i t y  
o f  t h e  c o n j u g a t i o n  b a n d .  I n  t h e  s e r i e s  2 , 2 ' - d i h a l o g e n -  
b i p h e n y l s  t h e  b l u e  s h i f t  and  i n t e n s i t y  r e d u c t i o n  a r e  p r o g ­
r e s s i v e l y  l a r g e r  f r om f l u o r i n e  t o  b r o m i n e ,  i n  2 , 2 ' - d i -  
i o d o b i p h e n y l  t h e  s p e c t r u m  d o e s  n o t  show a  c o n j u g a t i o n  
band#  I n  t h e  same s e r i e s ,  t h e  a b s o r p t i o n  c o n t r i b u t i o n s  du e  
t o  u n c o n j u g a t e d  h a l o g e n o b e n z e n e  c h r o m o p h o r e s  a p p e a r  w i t h  
i n c r e a s i n g  d i s t i n c t n e s s  a s  t h e  c o n j u g a t i o n  b a n d  i s  i n h i b i t e d ,  
a n d  p r o g r e s s i v e l y  a p p r o a c h  t h e  e x p e c t e d  i n t e n s i t y  f o r  an  
a d d i t i v e  s y s t e m  o f  s u c h  a b s o r b i n g  u n i t s .  The u l t r a v i o l e t  
a b s o r p t i o n  s p e c t r a  o f  d i p h e n y l s  c o n t a i n i n g  f l u o r i n e  s u b s t i t ­
u e n t s  i n  t h e  m e t a -  and  p a r a - p o s i t i o n s  show them t o  b e  " p e r t u r b e d "  
b i p h e n y l s ,  i n  w h i c h  s m a l l  c h a n g e s  i n  t h e  c o n j u g a t i o n  b a n d  
a r e  a c c o m p a n i e d  by  t h e  a p p e a r a n c e  o f  l o w - i n t e n s i t y  u n r e s o l v e d  
c o n t r i b u t i o n s  f rom t h e  p h e n y l  c h r o m o p h o r e s .  T h e s e  m i n o r
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s p e c  t r o  s c o p i  c e f f e c t s  a r e  c a u s e d  by  n o n —s t e r i c ,  e l e c t r o n i c  
i n t e r a c t i o n s  o f  t h e  s u b s t i t u e n t  g r o u p s  w i t h  t h e  b i p h e n y l  
c h r o m o p h o r e .
1/
A c o m p a r yb y on  b e t w e e n  d e c a m e t h y l b i p h e n y l , XX, a n d  
t h e  c o m p l e t e l y  m e t h y l a t e d  b e n z e n e ,  XlX i s  i n t e r e s t i n g .
CHH 3
X I X
H3C CH
X X
The e x t i n c t i o n  c o e f f i c i e n t s  f r o m  t h e  two compounds  c o m p a r e  
i n  an  i n t e r e s t i n g  way .  T h e s e  two compounds  h a v e  i d e n t i c a l  
s u b s t i t u t i o n  sy m m et ry  o f  t h e  p h e n y l  g r o u p s .  The l o c a t i o n  
a nd  f i n e  s t r u c t u r e  o f  t h e  l o n g  wave  b a n d s  o f  t h e  two compo un ds  
a r e  s t r i k i n g l y  s i m i l a r .  I f  t h e  e x t i n c t i o n  c o c e f f i c i e n t s  o f  
h e x a m e t h y l b e n z e n e  i n  t h e  s p e c t r u m  a r e  f o r  two m o l e s ,  i t  i s  
f o u n d  t h a t  t h e  e x t i n c t i o n  c o e f f i c i e n t s  o f  d e c a m e t h y l b i ­
p h e n y l  i s  c o n s i s t e n t l y  h i g h e r  doivn t o  207m|a. The minimum 
a b s o r p t i o n  i n  t h e  r e g i o n  200-”247mp.  i s  much h i g h e r  i n  d e ca m ­
e t h y l b i p h e n y l  t h a n  i n  h e x a m e t h y l  b e n z e n e .  T h i s  a d d i t i o n a l  
a b s o r p t i o n  p r o v i d e s  some e v i d e n c e  i n  s u p p o r t  o f  t h e  
t h e o r e c t i c a l  a n a l y s i s  o f  H.A.  L o n g u e t - H i g g i n s  a n d  J . N .
M u r r e l l  ( P r o c .  P h y s . S o c . A, 19 5 5 ,  68^ , 60 1 ;  J .  Chem, S o c .
1 9 5 5 , 2 5 5 2 ) t h a t  e l e c t r o n i c  t r a n s i t i o n s  i n v o l v i n g  b o t h  
p h e n y l  g r o u p s  i n  b i p h e n y l s  c a n  o c c u r  by  an  i n t e r a c t i o n  
p r o c e s s ,  t h a t  i s  a p p a r e n t l y  i n d e p e n d e n t  o f  t h e  c o p l a n a r i t y  
c o n d i t i o n .
7 s
I t  i s  g e n e r a l l y  b e l i e v e d  t h a t  t h e  b i p h e n y l  m o l e c u l e  i s  
p l a n a r  i n  t h e  s o l i d  p h a s e  and  n o n - p l a n a r  i n  t h e  v a p o u r  p h a s e  
a n d  i n  s o l u t i o n  a l t h o u g h  t h e  m o l e c u l a r  c o n f i g u r a t i o n  i n  t h e  
l i q u i d  p h a s e  and  i n  s o l u t i o n  a r e  n o t  kno^vn w i t h  c e r t a i n t y .
The m o l e c u l a r  c o n f i g u r a t i o n  o f  b i p h e n y l  i n  t h e  s o l i d  s ' t a t e  
was f i r s t  e s t a b l i s h e d  more  t h a n  30 y e a r s  ago by  X-Ray 
c r y s t a l  a n a l y s i s .  G.L.  C l a r k  an d  L.W* P i c k e t  ( P r o c . N a t .
Acad .  S c i . U . S . A .  1930 ,  1 ^ ,  20 ) f o u n d  t h e  b i p h e n y l  mo I c e -u l  e 
wi  t k ^  m o l e c u l e  i n  t h e  c r y s t a l  t o  be  p l a n a r ,  o r  v e r y  n e a r l y  
p l a n a r .  J .  Dha r  ('I n d i a n . J .  P h y s . 1 93 2 ,  7 ,  4 3 ) ,  s h o w e d  t h a t  
t h e  two p h e n y l  r i n g s  a r e  f l a t  a nd  i n  t h e  same p l a n e .  The C-C 
d i s t a n c e  i n  t h e  r i n g  i s  1 . 4 8 ° A .
A l a t e r  s t u d y  o f  t h e  i n t e n s i t i e s  o f  t h e  X-  Ray 
r e f l e c t i o n s  ( J .  D h a r .  P r o c . N a t . I n s t .  S c i . I n d i a ,  1 9 4 9 ,
1 3 , 11)  was  n o t  s u f f i c i e n t l y  d e t a i l e d  t o  p r o v i d e  f u r t h e r  
a c c u r a t e  i n f o r m a t i o n  a b o u t  t h e  m o l e c u l a r  c o n f i g u r a t i o n  o f  
b i p h e n y l .
More r e c e n t l y  J .  T r o t t e r  (A c t a .  C r y s t . , 1 9 6 1 ,  1 1 3 5 )
sho w ed ,  by  X-Ray  d i f f r a c t i o n  m e t h o d s ,  t h a t  t h e  c a r b o n  s k e l e t o n  
o f  t h e  b i p h e n y l  m o l e c u l e  i s  c o m p l e t e l y  p l a n a r  w i t h i n  t h e  l i m i t s  
o f  e x p e r i m e n t a l  e r r o r ,  t h e  maximum d e v i a t i o n  f r o m  t h e  mean
m o l e c u l a r  p l a n e  b e i n g  o n l y  O.OOT^A a n d  t h a t  t h e  h y d r o g e n
n
a t o m s  a r e  s i t u a t e d  on t h e  p l a n e  o f  t h e  c a r b o n  a t o m s ,  b u t  
t h a t  t h e r e  a r e  s m a l l  i n - p l * a n e  d i s p l a c e m e n t s  o f  t h e  o r t h o  
h y d r o g e n  a to m s  f r o m  i d e a l i z e d  p o s i t i o n s ,  w h i c h  r e d u c e  s t e r i c  
s t r a i n .
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A . H a r g r e a v e s  and  S.  Ha san  R i z v i  ( A c t a .  C r y s t . 1 9 6 2 ,
1 5 f 365 )  a g r e e  w i t h  T r o t t e r  a n d  s u g g e s t  t h a t  t h e  g r e a t  l e n g t h  
o f  t h e  i n t e r a n n u l a r  bond  ( l . 5 0 ^ A  w i t h  e s t i m a t e d  s t a n d a r d  d e ­
v i a t i o n  o f  O.OIT^A) i n d i c a t e s  t h a t  t h e r e  i s  no c o n j u g a t i o n  
b e t w e e n  t h e  r i n g s ;  t h e y  c o n s i d e r  t h a t  c r y s t a l  f o r c e s  a r e  
r e s p o n s i b l e  f o r  t h e  r i n g s  t a k i n g  u p  t h e  c o p l a n a r  c o n f i g u r ­
a t i o n .
I n  2 , 2 ’- d i c h l o r o b e n z i d i n e  (D .L .  Smare ,  A c t a .  C r y s t . , .  
19 4 8 ,  If  1 5 0 ) t h e  a r o m a t i c  r i n g s  w e r e  sho^m t o  be  a t  an  
a n g l e  o f  72 °  t o  e a c h  o t h e r .  A s i m i l a r  s i t u a t i o n  was  f o u n d  
w i t h  2 , 2 * - d i m e t h y l b e n z i d i n e  ( ? .  P o w e a t h e r  an d  A. H a r g r e a v e s ,  
A c t a .  C r y s t , 1 95 0 ,  3^ , 8 1 )  T h e s e  r e s u l t s  r e f e r  t o  t h e  c o n f i g ­
u r a t i o n  i n  t h e  c r y s t a l  s t a t e  w h e r e  c o h e s i v e  f o r c e s ,  a b s e n t  
i n  t h e  v a p o u r  s t a t e  and  i n  s o l u t i o n ,  a r e  o p e r a t i n g .  The 
e a r l i e s t  e l e c t r o n  d i f f r a c t i o n  i n v e s t i g a t i o n  o f  b i p h e n y l  
v a p o u r  (L . O .  Brockway  and  l . L .  K a r l e ,  J .  Amer.  Chem. S o c . » 
1 9 4 4 , 1 9 7 4 ) was i n t e r p r e t e d  a s  i n d i c a t i n g  a  n o n - c o p l a n a r
s t r u c t u r e ,  a l t h o u g h  t h i s  c o n c l u s i o n  was n o t  b a s e d  e n t i r e l y  
on  t h e  e x p e r i m e n t a l  e v i d e n c e ,  s i n c e  a  c o m p l e t e l y  p l a n a r  
a r r a n g e m e n t  a g r e e d  e q u a l l y  w e l l  w i t h  t h e  d a t a .
0 .  D a s t i a n s e n ,  f r om e l e c t r o n  d i f f r a c t i o n  e v i d e n c e  
(A c t a ,  Chem. S c a n d .  , 1949 ,  3.9 408 )  h a s  s u g g e s t e d  t h a t  t h e  
mean i n t e r p l a n a r  a n g l e  o f  b i p h e n y l  i n  t h e  v a p o u r  s t a t e  i s  
45 °  ~  10°  and  t h a t  t h e  l e n g t h  ( a b o u t  1 , 4 8 ° A )  o f  t h e  1 , 1 * -  
bo n d  c o r r e s p o n d s  t o  a b o u t  10^  d o u b l e  bond  c h a r a c t e r .  He a l s o  
s u g g e s t e d  t h a t  t h e  mean i n t e r p l a n a r  a n g l e s  o f  3 , 3 * - d i c h l o r o -  
b e n z i d i n e  a n d  3 , 3 ’- d i b r o m o b i p h e n y l  a r e  53°  -  1 0°  a n d  5 4 ° -  5°
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r e s p e c t i v e l y .  The n o n - p l a n a r i t y  o f  t h e  b i p h e n y l  m o l e c u l e  
i n  t h e  v a p o u r  p h a s e  h a s  b e e n  a t t r i b u t e d  t o  t h e  h y d r o g e n — 
h y d r o g e n  r e p u l s i v e  i n t e r a c t i o n s  (A# A l l m e n i n g e n  a n d  0 ,  
D a s t i a n s e n ,  P e t # K g l , N o r s k e  V i d e n s l i a b e r s  S e l s k a b s  o k r i f t e r , 
1 9 5 3 ,  No. 4 . )
D i p o l e  moment  m e a s u r e m e n t s  s u p p o r t  t h e  n o n - c o p l a n a r  
f o rm  i n  2 , 2 * - d i s u b s t i t u t e d  b i p h e n y l s  i n  s o l u t i o n  (Cx.G. Hampson 
an d  A. W e i s s b e r g e r ,  J .  Amer . Chem. So j c . , 1 9 3 6 ,  58_f 2111  ;
R . J . W .  Le F e v r e  and  H. V i n e ,  J .  Chem. S o c . , 1 9 3 8 ,  8 6 7 ) .
A.C.  L i t t l e j o h n  and  J.V.'. S m i t h  ( J ,  Chem. S o c . , 1 9 5 3 ,
24 56 )  d e t e r m i n e d  t h e  d i p o l e  moment s  o f  mono—c h l o r o - ,  - b r o m o —, 
- i o d o -  a n d  - n i t r o -  b i p h e n y l s  i n  b e n z e n e  s o l u t i o n .  The mome n t s  
o f  t h e  2 - s u b s t i t u t e d  b i p h e n y l s  w e r e  f o u n d  i n  a l l  c a s e s  t o  be  
g r e a t e r  t h a n  t h e  v a l u e s  t o  b e  e x p e c t e d  w i t h  t h e  r i n g s  c o p l a n a r  
t o  one  a n o t h e r ,  and  e x c e p t  f o r  2 -b ro mo  b i p h e n y l ,  w e r e  
a p p r o x i m a t e l y  e q u a l  t o  t h e  c a l c u l a t e d  v a l u e s  f o r  a c o n f i g u r a t i o n  
w i t h  t h e  r i n g s  i n  p l a n e s  a t  r i g h t  a n g l e s  t o  o n e  a n o t h e r .  As 
a n  i n c r e a s e d  m e s o m e r i c  e f f e c t  w o u l d  n o t  be  e x p e c t e d  t o  a l t e r  
t h e s e  moment s  v e r y  much,  i t  was i n f e r r e d  t h a t  t h e  mean p o s i t i o n  
o f  t h e  r i n g s  i s  n e a i t r t o  t h e  p e r p e n d i c u l a r  t h a n  t h e  c o p l a n a r  
a r r a n g e m e n t .
T h e s e  same w o r k e r s  ( J .  Chem. S o c . , 1 9 5 4 ,  2 5 5 3 )  d e t e r m i n e d  
t h e  d i p o l e  moment s  o f  2 , 2 * - d i f l u o r o - ,  2 , 2 ’- d i c h l o r o - ,  2 , 2 * -  '
d i b r o m o - ,  2 , 2 * - d i i o d o -  an d  2 , 2 * - d i n i t r o -  d e r i v a t i v e s  o f  
b i p h e n y l  an d  o f  3 , 3  * - d i n i t r o b i p h e n y l  i n  b e n z e n e  s o l u t i o n .
On t h e  a s s u m p t i o n  t h a t  t h e  p r i m a r y  moment s  o f  t h e  s u b s t i t u t e d  
g r o u p s ,  and  t h e  i n d u c e d  moment s  t h a t  t h e y  p r o d u c e  i n  t h e  r i n g s
i n  w h i c h  t h e y  a r e  p r e s e n t ,  a r e  t h e  same a s  i n  t h e  mono s u b s t i t u t e d  
b e n z e n e s ,  t h e  moment s  i n d u c e d  by e a c h  s u b s t i t u e n t  i n  t h e  
o p p o s i t e  r i n g  an d  i n  t h e  o t h e r  s u b s t i t u e n t  w e r e  c a l c u l a t e d  
f o r  v a r i o u s  a n g l e s  o f  i n c l i n a t i o n  o f  t h e  p l a n e s  o f  t h e  r i n g s .
I t  was  f o u n d  t h a t ,  so l o n g  a s  t h e  r i n g s  w e r e  c o a x i a l ,  t h e  
o b s e r v e d  moment s  o f  t h e  2 , 2 * - d i s u b s t i t u t e d  b i p h e n y l s  w e r e  
i n  a c c o r d  w i t h  t h e  c a l c u l a t e d  v a l u e s  o n l y  i f  t h e  s u b s t i t u e n t  
g r o u p s  h a d  p r e f e r r e d  s l i g h t l y - c i s - d i s p o s i t i o n .  F o r  3 , 3 * -  
d i n i t r o b i p h e n y l , t h e  d i p o l e  moment  s u g g e s t e d  p r e f e r e n c e  f o r  
a s l i g h t l y - t r a n s - c o n f i g u r a t i o n .
D i p o l e  moment  s t u d i e s  o f  c e r t a i n  u n s y m m e t r i c a l  4 , 4 * -  
d i s u b s t i t u t e d  b i p h e n y l s  (C .G .  Le F e v r e  a nd  R . J . W .  Le F e v r e ,
J .  Chem. S o c . , 19 3 6 ,  113 0 )  h a v e  shown t h a t  t h e r e  i s  i n t e r a c t i o n  
b e t w e e n  t h e  r i n g s  ( e . g .  i n  4 - a m i n o - 4  *- n i t r o b i p h e n y l ) .
B r i d g e d  b i p h e n y l s
Compounds h a v e  b e e n  p r e p a r e d  i n  w h i c h  t h e  b i p h e n y l  
s k e l e t o n  f o r c e d  t o  a s su m e  a mo re  o r  l e s s  r i g i d  n o n - c o p l a n a r  
c o n f i g u r a t i o n  by j o i n i n g '  o f  t h e  2 , 2 * - p o s i t i o n s  t o  p r o d u c e  
a  s t r a i n l e s s  m u l t i p l a n a r  b r i d g e  ( 6 . H .  B e a v e n ,  D.îvi. H a l l ,
M.S .  L e s s l i e  a n d  E . E .  T u r n e r ,  J .  Chem. S o c . , 1 9 5 2 ,  8 5 4 ) .
The u l t r a - v i o l e t  a b s o r p t i o n  s p e c t r a  o f  t h e s e  co mpounds
' t
i n d i c a t e  d e c r e a s e d  c o n j u g a t i o n  b e t w e e n  t h e  two b e n z e n e  
r i n g s  o f  t h e  b i p h e n y l  s k e l e t o n ,
R.N.  J o n e s  (J .  Amer . Chem. S o c . , 1 9 4 1 ,  §3.9 1 6 5 8 )  
r e p o r t s  t h e  a b s o r p t i o n  s p e c t r a  o f  9 , 1 0 - d i h y d r o p h e n a n t h r e n e  
XXI,  and  o f  4 , 5 - m e t h y l e n e - 9 , 1 0 - d i h y d r o p h e n a n t h r e n e  XXII
7^
i n  w h i c h  t h e  b i p h e n y l  r i n g s  a r e  r e s t r i c t e d  s e v e r e l y  i n  s u c h  
a m a n n e r  a s  t o  h o l d  t h e  p h e n y l  g r o u p s  c l o s e  t o  a p l a n a r  
c o n f i g u r a t i o n .  ;
H
XXI XXII
A s sum ing  an  a l i p h a t i c  bond  l e n g t h  ( l . 54&) f o r  t h e  c o - p l a n a r  
l i n l t a g e  and  n o r m a l  bond  a n g l e s  a nd  l e n g t h s  i n  t h e  r e m a i n d e r  
o f  t h e  m o l e c u l e  (M.T.  0 ’ S h a u g h n e s s y  an d  R o d e b u s h ,
J .  Amer . Chem. S o c . » 19 40 ,  2 9 0 6 ) ,  t h e  d i m e t h y l e n e  b r i d g e
o f  XXI c a n  be  acconmodated  w i t h  t h e  minimum s t r a i n  i f  t h e  
a r o m a t i c  r i n g s  a r e  r o t a t e d  t h r o u g h  an  a n g l e  o f  15°  2* a b o u t  
t h e  common a x i s .  The a b s o r p t i o n  s p e c t r u m  o f  9 , 1 0 - d i h y d r o ­
p h e n a n t h r e n e  a g r e e s  i n  s h a p e  and  i n t e n s i t y  ( 1 8 , 0 0 0 )
w i t h  t h a t  o f  t h e  b i p h e n y l  c u r v e  1 8 , 0 0 0 )  a l l o w a n c em ax
b e i n g  made f o r  t h e  b a t h o c h r o m i c  e f f e c t  o f  t h e  a l i c y c l i c
b r i d g e  (X 249mp f o r  b i p h e n y l  a nd  a b o u t  264mp f o r  9 , 1 0 -  m ax
d i h y d r o p h e n a n t h r e n e ) . Howeve r ,  f l u o r e n e  ( 2 , 2 ' - m e t h y l e n e -  
b i p h e n y l ) ,  X X I I I ,  i s  a  s t r a i n e d  m o l e c u l e  a nd  e v i d e n c e  f r o m  
d i p o l e  moment s  f a v o u r s  an  a p p r o x i m a t e l y  p l a n a r  s t r u c t u r e  
w i t h  p h e n y l  g r o u p s  n o t  s y m m e t r i c a l  a b o u t  an  a x i s  t h r o u g h  
t h e  4 , 4 * - p o s i t i o n s #  J . ¥ .  Cook a n d  J .  I b a l l  ( Chem. a n d  I n d . ,
so
1 9 3 6 ,  21» 467.) s u g g e s t e d  t h a t  i n  t h e  c r y s t a l l i n e  f o r m ,  
f l u o r e n e  i s  n o n - p l a n a r ,  b u t  r e c e n t l y ,  D.M. B u r n s  a n d  J .  I b a l l  
( N a t u r e , 19 54 ,  1 7 3 , 635)  made a  d e t a i l e d  q u a n t i t a t i v e  c r y s t a l  
a n a l y s i s  o f  f l u o r e n e ,  and  d e t e r m i n e d  a l l  bond  l e n g t h s  and 
a n g l e s  an d  f o u n d  t h a t  a l l  c a r b o n  a to m s  l i e  on  a p l a n e ,  a nd  
s t a t e d  t h a t  b e c a u s e  o f  i t s  p l a n a r i t y ,  f l u o r e n e  c a n n o t  e x h i b i t  
o p t i c a l  i s o m e r i s m .
S i n c e  9 , 1 0 - d i h y d r o p h e n a n t h r e n e  and  f l u o r e n e  a r e  
e f f e c t i v e l y  p l a n a r  a s  i n d i c a t e d  by u l t r a v i o l e t  a b s o r p t i o n  
s p e c t r a  p.nd o t h e r  e v i d e n c e  p r o v i d e d  a b o v e ,  4 , 5 - m e t h y l o n e -  
9 , 1 0 - d i h y d r o p h e n a n t h r e n e ,  XX I I ,  i s  a l s o  e x p e c t e d  t o  be  p l a n a r .  
T h i s  i s  c o n f i r m e d  by t h e  o b s e r v a t i o n  t h a t  i t s  u l t r a v i o l e t  
s p e c t r u m  r e s e m b l e s  t h a t  o f  b i p h e n y l .
XX I I I
The p r e v i o u s  t h r e e  compounds  a r e  e x a m p l e s  o f  c o p l a n a r  
b i p h e n y l  d e r i v a t i v e s .
A.C.  Cope ah d  R.D.  S m i t h  ( J .  Amer . Chem. S o c . ,  1 9 5 6 ,  
7 8 , 10 12 )  h a v e  shown t h a t  1 ,  2 ,  3 ,  4 - d i b e n z - l ,  3 - c y c l o h e p t a d i e n e  
XXIV, h a s  an  u l t r a v i o l e t  s p e c t r u m  w h i c h  shows '  an  a b s o r p t i o n  
maxinyC a t  247mp ( 1 5 , 7 0 0 )  an d  t h a t  1 , 2 , 3 , 4 - d i b e n z - l , 3 -
c y c l o c l o o c t a d i e n e ,  XXV, h a s  an  u l t r a v i o l e t  s p e c t r u m  h a v i n g
an a b s o r p t i o n  maximum a t  235mfi ( £  9 , 6 8 0 )  a nd  two p o i n t s  
o f  i n f l e c t i o n  a t  265 and  275mp,  Hence  t h e  c o n j u g a t i o n  b a n d  
i n  XXV h a s  u n d e r g o n e  a h y p s o c h r o m i c  s h i f t .
xxrv XXV XXVI
K. M i s l o w ,  S.  Hyden and  H, S c h a e f e r  ( j .  Amer , Chem, S o c , , 
1 9 6 2 ,  8 ^ ,  1449 )  p r e p a r e d  t h e  n i n e - m e m b e r e d  r i n g  b r i d g e d  
b i p h e n y l  XXVI, a n d  f o u n d  t h a t  i t s  u l t r a v i o l e t  s p e c t r u m  
showed  a p r o n o u n c e d  h y p s o c h r o m i c  s h i f t  an d  d r o p  i n  e x t i n c t i o n  
o f  t h e  v e s t i g i a l  b i p h e n y l  c o n j u g a t i o n  b a n d  ( i n f l e c t i o n  a t  
231mp,  ^ 5 5 5 0 ) ,  The l o n g  w a v e l e n g t h  f e a t u r e s  a r e  now c l e a r l y  
r e s o l v e d ,  an d  t h e  s p e c t r u m  o f  t h i s  compound i s  n e a r l y  
s u p e r i m p o s a b l e  on t h a t  o f  i t s  o p e n  c h a i n  a n a l o g u e .  They  
t h e r e f o r e  c o n c l u d e d  t h a t  c o n j u g a t i o n  i s  mor e  s e v e r e l y  
i n h i b i t e d  a nd  t h a t  t h e  a n g l e  o f  t o r s i o n  i s  g r e a t e r  i n  XXVI 
t h a n  i n  t h e  l o w e r , h o m o l o g u e s , XXI , X]{IV, and  XXV, I t  i s  
o b s e r v e d  t h a t  t h e  c o n j u g a t i o n  b a n d  s u f f e r s  a h y p s o c h r o m i c  
s h i f t  a n d  d e c r e a s e s  i n  i n t e n s i t y  a s  t h e  s i z e  o f  t h e  b r i d g e  
a n d  t h e r e f o r e  t h e  a n g l e  o f  t o r s i o n  (G) i n c r e a s e .
D e r i v a t i v e s  o f  XXIV a nd  XXV h a v e  b e e n  o b t a i n e d  i n  
o p t i c a l l y  a c t i v e  form (D.C.  I f f l a n d  a nd  II. S i e g e l ,  J .  Amer ,
^2
Chem. S o c . ,  1 9 5 8 ,  M , 1947 ; L .V .  D v o r k e n ,  R . B .  Smy th  a n d
K . Ivi is low,  J .  Ame r . Chem. S o c . , 1 9 5 8 ,  8 ^ ,  4 8 6 ) .  The o p t i c a l
s t a b i l i t y  o f  t h e s e  s y s t e m s  ( t ? ^ ' ^ = 85 m i n .  E = 2 2 . 8  K c a l .
2
mole"*^ f o r  p - 1 , 2 ,  3 ,  4 - d i b e n z - l , 3 - c y c l o o c t a d i e n e - 6 ,  7 - d i  c a r b o x y l i  c
a c i d  i n  a b s o l u t e  e t h a n o l  a n d  E = 2 0 . 8  -  2 6 , 2  K c a l .  m o l e  ^ ,
t ? ^ "  ^ = 80 m i n .  f o r  6 , 6 ' - d i c a r b e t h o x y - 1 , 2 , 3 , 4 - d i b e n z - l , 3 -  .
c y c l o h e p t a d i e n e  i n  c y c l o h e x a n e )  i s  a  r e f l e c t i o n  o f  t h e  a n g l e
s t r a i n  ( i . e .  t h e  b i p h e n y l  s y s t e m  i s  n o t  p l a n a r )  a n d  n o n b o n d o d
i n t e r a c t i o n s . w h i c h  a r e  i n t r o d u c e d  i n  t h e  t r a n s i t i o n  s t a t e
c o n f o r m a t i o n  f o r  r a c é m i s a t i o n ,
K, M i s l o w ,  S.  Hyden  a n d  H. S c h a e f e r  ( l o c ,  c i t . )  o b t a i n e d
XXVI o p t i c a l l y  a c t i v e  a n d  f o u n d  t h a t  i t s  o p t i c a l  s t a b i l i t y
( E = 2 4 . 0  K c a l . m o l e  ^ i n  o _ - x y l e n e )  r e f l e c t s  a  l a r g e  a n g l e
s t r a i n  i n  t h e  t r a n s i t i o n  s t a t e .
T h e r e  a r e  some i n d i c a t i o n s  t h a t  t h e  d e g r e e  o f  i n t e r a c t i o n
b e t w e e n  t h e  b e n z e n e  r i n g s  i n  b i p h e n y l ,  a s  c a l c u l a t e d  u s i n g
t h e  M o l e c u l a r  O r b i t a l  T h e o r y ,  a n d  t h e  i n t e r p l a n a r  a n g l e
2
a r e  r e l a t e d  by  a c o s  Q o r  c o s  Q l a w  ( M . J . G .  D e w a r ,  J .  Ame r , 
Chem, S o c , , 1 9 5 2 , .  [M, 3345  ; J .  Guy,  J .  Ch im . F h y s , ,  1 9 4 0 ,
4 6 , 4 6 9 )
( I V ) , N a p h t h a l e n e s  ;
N a p h t h a l e n e  h a s  an  u l t r a v i o l e t  s p e c t r u m  w h i c h  shows
Î  '
t h r e e  m a i n  a b s o r p t i o n  b a n d s :
1)  A wea l cer  b a n d ,  X = 3 1 2 ,  6  = 1 0 ^ - 1 0 ^' max '
p o s s e s s i n g  some v i b r a t i o n a l  s t r u c t u r e ,
2)  A m o d e r a t e l y  i n t e n s e  b a n d ,  = 2 7 5 ,  ^  = I'O"^
^5
s h o w i n g  a v e r y  r e g u l a r  v i b r a t i o n a l  s t r u c t u r e .
3 ) A s t r o n g  b a n d ,  = 2 2 0 ,  1 0 ^ ,
w i t h o u t  a n y  v i b r a t i o n a l  s t r u c t u r e .  
lUA.  P r i e d e l ,  I I . O r c h i n  a n d  L.  R egg  e l  ( J .  Am e r . Chem. 
S o c . , 1 9 4 8 , 70 ,^ 1 9 9 ) h a v e  d o n e  some wo rk  on  p h e n y l n a p h t h a l e n e s
a n d  o t h e r  n a p h t h a l e n e  d e r i v a t i v e s .  1 - P h e n y l n a p h t h a l e n e ,
XXVII ,  was  shown t o  h a v e  an  a b s o r p t i o n  s p e c t r u m  r e s e m b l i n g  
t h a t  o f  n a p h t h a l e n e ,  i n d i c a t i n g  s t r o n g  s t e r i c  h i n d r a n c e  t o  
p l a n a r i t y .  H o w e v e r ,  t h e r e  a r e  b a t h o c h r o m i c  s h i f t s  o f  t h e  
u l t r a v i o l e t  a b s o r p t i o n  b a n d s  a n d  a  g r e a t  d e c r e a s e  i n  f i n e  
s t r u c t u r e ,  t h i s  i n d i c a t e s  a p p r e c i a b l e  c o n t r i b u t i o n s  f r o m  
c o p l a n a r  s t r u c t u r e s ,  i . e .  a c e r t a i n  d e g r e e  o f  c o n j u g a t i o n  
b e t w e e n  t h e  n a p h t h a l e n e  a n d  b e n z e n e  r i n g s .  The s p e c t r u m  o f  
2 - p h e n y I n a p h t h a l e n e , X X V II I ,  d i f f e r s  f r o m  t h a t  o f  n a p h t h a l e n e ;  
t h i s  m o l e c u l e  c a n  become  p l a n a r  a s  e a s i l y  a s  b i p h e n y l  c a n .
XXVI1 X X V l l l
S u b s t i t u t i n g  t h e  g r o u p s  , -OCH^ a n d  -OH i n  t h e
o r t h o  p o s i t i o n s  o f  t h e  p h e n y l  g r o u p  o f  1 - p h e n y I n a p h t h a l e n e  
h a s  an  a p p r e c i a b l e  e f f e c t  on  t h e  u l t r a v i o l e t  a b s o r ^ r b i o n  b a n d s .  
The m e t h y l  g r o u p  i n  1 - o ^ - t o l y n a p h t h a l e n e  p r o d u c e s  i n  t h e  
280mp r e g i o n ,  a  wea i^e r ,  n a r r o w e r  b a n d  w i t h  t y p i c a l  n a p h t h a l e n e  
f i n e  s t r u c t u r e ,  i n c l u d i n g  t h e  b a n d  a t  3 l 4 m p . . Thus  i t  h a s
g4
i n c r e a s e d  t h e  s t e r i c  h i n d r a n c e  i n  t h e  m o l e c u l e .  The m e t h o x y  
a n d  h y d r o x y  g r o u p s  h a r d l y  a f f e c t  t h e  a b s o r p t i o n  b a n d s  and  
so c a u s e  o n l y  s l i g h t  a d d i t i o n a l  s t e r i c  h i n d r a n c e  o v e r  t h a t  
a l r e a d y  p r e s e n t  i n  1 - p h e n y I n a p h t h a l e n e .
I n  c o m p a r i s o n ,  t h e  r e l a t i v e  h i n d r a n c e  p r o d u c e d  by  t h e  
g r o u p s  -CII^ a n d  -OH i n  t h e  o r t h o  p o s i t i o n s  o f  t h e  p h e n y l  
g r o u p  o f  2 - p h e n y I n a p h t h a l e n e  i s  s t r i k i n g .  The m e t h y l  g r o u p  
i n  2 - o _ - t o l y  I n a p h t h a l  ene  c a u s e s  t h e  two a b s o r p t i o n  b a n d s  a t  
250 an d  212m\i i n  t h e  s p e c t r u m  o f  2 - p h e n y l n a p h t h a l e n e  t o  
a p p e a r  a s  a w i d e  b a n d  a r o u n d  230mp,  w i t h  a  d o u b l e t  s p l i t t i n g .  
The l o n g - w a v e  b a n d  u n d e r g o e s  a h y p s o c h r o m i c  s h i f t  f r om  
286 t o  2 7 4mp, The h y d r o x y  d e r i v a t i v e  h a s  t h e  same s p e c t r a l  
s t r u c t u r e  i n d i c a t i n g ,  s u r p r i s i n g l y ,  t h a t  b o t h  m e t h y l  a nd  
h y d r o x y  g r o u p s  show an  a p p r e c i a b l e  a nd  s i m i l a r  i n c r e a s e  i n  
s t e r i c  h i n d r a n c e  o v e r  t h e  p a r e n t  compound .
The s p e c t r a  o f  l - c y c l o h e x y l n a p h t h a l e n e ,  XXIX, a n d  
2 * - h y d r o x y - l - c y c l o h e x y I n a p h t h a l e n e ,  XXX, a r e  t y p i c a l  o f  
n a p h t h a l e n e  d e r i v a t i v e s  w i t h  o n e  s a t u r a t e d  s u b s t i t u e n t .
The s p e c t r a  a r e  a l m o s t  i d e n t i c a l  w i t h  t h a t  o f  t h e  s t r o n g l y  
h i n d e r e d  l - £ - t o l y l n a p h t h a l e n e ®  The s p e c t r u m  o f  t h e  t e t r a -  
h y d r o - c o m p o u n d ,  l - ( 2 * , 3 * , 4 * , 5 * ) - t e t r a h y d r o p h e n y I n a p h t h a l e n e  
XXXI, shows  b a n d  w i d e n i n g ,  d e c r e a s e d  f i n e  s t r u c t u r e  a n d  
i n c r e a s e d  i n t e n s i t y *
X X X
85"
T h i s  shows t h a t  t h e r e  i s  some c o n j u g a t i o n  b e t w e e n  t h e  
n a p h t h a l e n e  n u c l e u s  and  t h e  d o u b l e  b o n d .
Moa su r e m e n t 5 :
The u l t r a v i o l e t  a b s o r p t i o n s  w e r e  m e a s u r e d  u s i n g  a 
Unicam s p e c t r o p h o t o m e t e r  (SP 5 0 0 ) ,
96‘/b e t h a n o l  was u s e d  a s  t h e  s o l v e n t .
O p t i c a l  d e n s i t y  m e a s u r e m e n t s  w e r e  t a k e n  u s i n g  0 , 2 c m  
c e l l s  f o r  t h e  r e g i o n  205~255m| i  a n d  1 . 0 c m .  c e l l s  f o r  t h e  
r e g i o n  b e y o n d  250mg .
The m a i n  f e a t u r e  o f  t h e  s p e c t r a  d e t e r m i n e d  a r e  
r e c o r d e d  i n  t h e  t a b l e s  f o l l o w i n g ,
(Some o f  t h e s e  s p e c t r a  h a v e  b e e n  a c c e p t e d  f o r  
p u b l i c a t i o n  i n  t h e  D . M . S . A t l a s  ( B u t t e r w o r t h s ) ) .
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( V) D i s c u s s i o n  :
The i n t e r p r e t a t i o n  o f  t h e  u l t r a v i o l e t  s p e c t r a  o f  1 , 1 ' -  
b i n a p h t l i y l s  i s  c o m p l i c a t e d  i n  t h e  f o l l o w i n f r  w a y : -
( a )  1 , 1 ’ - B i n a p h t h y l  i t s e l f ,  w h i c h  h a s  a  much h i g h e r
s t e r i c  b a r r i e r  t o  r o t a t i o n  a b o u t  t h e  1 , 1 ' - b o n d  ( £  = 2 2 . 5 K c a l .  
m o l e ”"^) t h a n  b i p h e n y l  ( E 4 K c a l . m o l e ” ^ t o  1 0 . 8 K c a l . m o l e  ^ , 
e s t i m a t e d  f ro m c a l c u l a t i o n s )  h a s  a l m o s t  c e r t a i n l y  two p r e f e r r e d  
c o n f o r m a t i o n s  w i t h i n  e a c h  R a n d  ^  c o n f i g u r a t i o n .
CIS
A
TRANS
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Two c o n f o r m a t i o n s  w i t h i n  t h e  S - c o n f i g u r a t i o n ,
( s t r u c t u r e s  A and  D a r e  d r a w n  a s  e x t r e m e s  ; t h e y  a r e  
n o t  i n t e n d e d  t o  r e p r e s e n t  f l a t  s t a t e s ) .
I n  s o l u t i o n  i t  i s  p r o b a b l e  t h a t  b o t h  c o n f o r m a t i o n s  a r e  p r e s e n t ,  
an d  w h e t h e r  o n e  i s  p r e f e r r e d  o v e r  t h e  o t h e r  i s  so f a r  n o t  k n o w n .
(b)  S u b s t i t u e n t s  i n  t h e  n a p h t h a l e n e  r e s i d u e s  w i l l  a f f e c t  
t h e  s e p a r a t e  n a p h t h a l e n e  c o n j u g a t i o n  p a t t e r n s , b u t  t h e y  may 
a t  t h e  same t i m e  (when i n  t h e  2 , 2 * -  a nd  8 , 8 ’- p o s i t i o n s ) c h a n g e
t h e  g e o m e t r y  o f  t h e  b i n a p h t h y l  s y s t e m  b o t h  by d i s t o r t i n g  i t  
a n d  a l s o  by c h a n g i n g  t h e  d i s t r i b u t i o n  o f  m o l e c u l e s  i n  t h o  
two c o n f o r m a t i o n s  ( e . g .  S - c i s  a n d  8 - t r a n s ) .
I t  i s  t h e r e f o r e  n o t  p o s s i b l e  t o  a t t r i b u t e  t h e  1 , 1 ’ -  
b i n a p h t h y l  s p e c t r a l  f e a t u r e s  t o  a p a r t i c u l a r  c o n f o r m a t i o n .
R .A.  F r i e d e l ,  M. O r c h i n  a n d  L.  R e g g e l  ( J .  A m e r . Ghem.
S o c . ,  1 9 4 8 , 7 ^ ,  1 9 9 ) h a v e  d i s c u s s e d  t h e  s p e c t r a  o f  1 , 1 ’-  
b i n a p h t h y l ,  XXXII ,  2 ,  2 ’- b i n a p h t h y l , . ' (XXIII ,  a n d  1 ,  2 ’- b i n a p h t h y l , 
XXXIV.
XXXII XXXII I XXXIV
1 , 1 ’- B i n a p h t h y l  shows  t h e  g r e a t e s t  n o n - p l a n a r i t y  i n  t h a t  i t s  
s p e c t r u m  i s  c l o s e s t  t o  t h a t  o f  n a p h t h a l e n e .  H o w e v e r ,  t h e  
s p e c t r u m  s hows  t h a t  some r e s o n a n c e  s t r u c t u r e s  i n v o l v i n g  
c o p l a n a r i t y  e x i s t  b e c a u s e  i t s  s p e c t r u m  i s  n o t  s i m p l y  t h a t  o f  
two n a p h t h a l e n e  r e s i d u e s ;  f i n e  s t r u c t u r e  i s  d i m i n i s h e d  a n d  
t h e  minimum i n  n a p h t h a l e n e  a t  235mp h a s  i n c r e a s e d  i n  i n t e n s i t y  
a n d  u n d e r g o n e  a b a t h o c h r o m i c  s h i f t  t o  249mp.  The  i n t e r a c t i o n  
h e r e  i s  n o t  m e r e l y  o f  t h e  t y p e  d e s c r i b e d  by  H .C .  L o n g u e t -  
H i g g i n s  a n d  J . N .  M u r r e l l  ( l o c . c i t . , )  w h i c h  i s  d u e  t o  e l e c t r o n i c  
t r a n s i t i o n s  w h i c h  a r e  i n d e p e n d e n t  o f  t h e  c o p l a n a r i t y  c o n d i t i o n s ,  
s i n c e  a  b a t h o c h r o m i c  s h i f t  o f  t h e  a b s o r p t i o n  min imum i s
^ 6>
o b s e r v e d ,  a n d  t h e  f i n e  s t r u c t u r e  o f  t h e  l o n g - w a v e  ba nd  i s
r e d u c e d .  2 , 2 ’- B i n a p h t h y l  w h i c h  i s  a s  f r e e  f r o m  s t e r i c
h i n d r a n c e  a s  b i p h e n y l  h a s  a s p e c t r u m  s h o w i n g  a  s t r u c t u r e
r a d i c a l l y  d i f f e r e n t  f r o m  t h a t  o f  n a p h t h a l e n e .  The s p e c t r u m
h a s  an i n t e n s e  c o n j u g a t i o n  b a n d  a t  254m\i, a  w e a k e r  b r o a d  b a n d
a t  305mp a n d  a  s h o r t  w a v e l e n g t h  b a n d  a t  212mp . 1 , 2 ' - B i n a p h t h y l
was  f o u n d  t o  be  i n t e r m e d i a t e  b e t w e e n  t h e  o t h e r  two c o m p o u n d s .
I t s  s p e c t r u m  i s  m o re  s i m i l a r  t o  t h a t  o f  1 , 1 ' —b i n a p h t h y l  b u t
k
i n t e n s i t i e s  a r e  g r e a t e r ,  f i n e  s t r u c t u r e  i s  d i m i n i ^ e d  a n d  b a n d s  
a r e  c o n s i d e r a b l y  b r o a d e r *
H o w ev e r ,  t h e  s p e c t r u m  o f  2 , 2  * - 7 , 7 ' - t e t r a m e t h y l - 1 , 1 ' -  
b i n a p h t h y l ,  XXXV, shows  t h a t  t h e  m o l e c u l e  i s  e v e n  f u r t h e r  
f r o m  p l a n a r i t y  t h a n  1 , 1 ' - b i n a p h t h y l , s i n c e  f i n e  s t r u c t u r e  i s  
d e v e l o p e d ,  t h e  t y p i c a l  n a p h t h a l e n e  b a n d  a p p e a r s  a t  319mp a n d  
i n t e n s i t i e s  a r e  a p p r o x i m a t e l y  t w i c e  t h o s e  o f  n a p h t h a l e n e .
T h i s  o b s e r v a t i o n  shows  t h a t  s u b s t i t u e n t s  i n  t h e  b l o c k i n g  
p o s i t i o n s  ( i n  t h i s  c a s e  t h e  2 , 2 ’- m e t h y l s ) i n  t h e  1 , 1 ’- b i n a p h t h y l  
s y s t e m  a f f e c t  t h e  r e s i d u a l  c o n j u g a t i o n  i n  t h e  s y s t e m .
XXXVl
The new w o rk  d i s c u s s e d  h e r e  was  u n d e r t a l t e n  t o  s e e  t h e
e f f e c t ,  on  t h e  1 , 1 ’ - b i n a p h t h y l  s p e c t r u m ,  o f  t h e  i n c r e a s e  i n  
s i z e  o f  s u b s t i t u e n t s  i n  8 , 8 * - p o s i t i o n s  i n  1 , 1 ’- b i n a p h t h y l s . 
M o r e o v e r ,  i t  was  c o n s i d e r e d  i n t e r e s t i n g  t o  s e e  how t h e  
s p e c t r a  o f  8 , 8 ' - s u b s t i t u t e d  1 , 1 ' - b i n a p h t h y l s  c o m p a r e  w i t h
t h o s e  o f  t h e  c o r r e s p o n d i n g  2 , 2  *- s u b s t i t u t e d  1 , 1 ' - b i n a p h t h y l s
\
( i . e .  t r y  t o  c a s t  some l i g h t  on  t h e  1 , 1 ' - b i n a p h t h y l s  i n  t h e  
g r o u n d  s t a t e ) .  C l a s s i c a l  m o d e l s  show s i m i l a r  s t e r i c  i n t e r f e r e n c e  
t o  r o t a t i o n  a b o u t  t h e  i n t e r - a n n u l a r  b o n d  i n  b o t h  8 , 8 ' -  
s u b s t i t u t e d  a n d  2 , 2 ' - s u b s t i t u t e d  1 , 1 ' - b i n a p h t h y l s  b u t  t h e  l o w  
o p t i c a l  s t a b i l i t y  o f  8 , 8 ' - s u b s t i t u t e d  1 , 1 ' - b i n a p h t h y l s  h a s  
b e e n  a t t r i b u t e d  t o  g r e a t e r  d e f o r m a t i o n  i n  t h e  g r o u n d  s t a t e s  
o f  t h e s e  co m p ou n ds  ( A . S .  Cooke a n d  M.M. H a r r i s ,  J .  Chem. S o c . ,  
1 9 6 3 ,  2 3 6 5 ) .  Any d e f o r m a t i o n  w o u l d  be  s m a l l  i n  t h e  2 , 2 ' -  
s u b s t i t u t e d  1 , 1 ' - b i n a p h t h y l s . The r e s u l t s  o b t a i n e d  i n  t h i s  
wor k  c o u l d  s e r v e  a s  an  a s s e s s m e n t  o f  t h e  d i f f e r e n c e  i n  t h e  
t o t a l  g r o u n d  s t a t e  d e f o r m a t i o n  i n  t h e  two c l a s s e s  o f  c o m p o u n d s ,  
t h e  c o m p a r i s o n  b e i n g  b a s e d  on  f i n e  s t r u c t u r e ,  a b s o r p t i o n  
i n t e n s i t i e s  a n d  b a n d  p o s i t i o n s .
D.M. H a l l ,  S .  R i d g e w e l l  a n d  E . E .  T u r n e r  ( j .  Chem. S o c . ,  
1 9 5 4 ,  24 9 8 )  e x a m i n e d  t h e  u l t r a v i o l e t  s p e c t r a  o f  c o m p o u n d s
XXXVI XXXVII XXXVIII
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They  f o u n d  t h a t  t h e  s p e c t r a  o f  co m p o u n d s  XXXVI a n d  XL d i f f e r  
f r o m  t h a t  o f  1 , 1  *- b i n a p h t h y l  a n d  t h o s e  o f  XXJCVII, XXXVIII  a n d  
XXXIX f r o m  t h a t  o f  1 - p h e n y l n a p h t h a l o n e .  The d i f f e r e n c e  i s  
c o n s i s t e n t  w i t h  t h e  e x p e c t e d  e f f e c t s  o f  s u b s t i t u e n t s  o n  t h e  
s p e c t r a  o f  p a r e n t  co mpounds  (T.  H i r s h b e r g  a n d  R . N , J o n e s ,
C a n a d , _J. R e s . ,  1 9 4 9 ,  2 7 B, 4 3 7 )  a n d  on  t h e  s t e r i c  h i n d r a n c e  
t o  c o p l a n a r i t y  a c r o s s  t h e  i n t e r a n n u l a r  b o n d .  Th ey  f o u n d  a 
poor c o r r e l a t i o n  b e t w e e n  t h e  r e l a t i v e  d e g r e e  o f  c o n j u g a t i o n  
a c r o s s  t h e  i n t e r a n n u l a r  b o n d ,  a s  d e d u c e d  f r o m  t h e  s p e c t r a ,  
a n d  t h e  r e l a t i v e  o p t i c a l  s t a b i l i t i e s  o f  t h e  o p t i c a l l y  a c t i v e  
c o m p o u n d s .  S e c o n d a r y  e f f e c t s  o f  s u b s t i t u e n t s  o n  c o n j u g a t i o n ,  
a n d  h e n c e  on  t h e  l e n g t h  o f  t h e  i n t e r a n n u l a r  b o n d ,  do n o t  
a p p e a r  t o  h a v e  a n y  f u r t h e r  i n f l u e n c e  on  t h e  e a s e  o f  r o t a t i o n  
a b o u t  t h e  b o n d .  T h e s e  w o r k e r s  t h e r e f o r e  s u g g e s t e d  t h a t  t h e  
la c k  o f  c o r r e l a t i o n  between t h e  s p e c t r a  a n d  o p t i c a l  s t a b i l i t i e s  
o f  t h e  co m p ou nds  may be  a s s o c i a t e d  w i t h  t h e  p o s s i b i l i t y  t h a t  
some o f  t h e  com po u nd s  h a v e  n o n - p l a n a r  g r o u n d  s t a t e s  a n d  
c o p l a n a r  e x c i t e d  s t a t e s  ( c . f .  E . A . B r a u d e ,  F . S o u d h e i m e r  a n d  
W . F . F o r b e s ,  N a t u r e . 1 9 5 4 ,  1 7 3 » 1 1 7 )  so  t h a t  t h e  s u b s t i t u e n t s  
a f f e c t  t h e  s p e c t r a  by a l t e r i n g  t h e  t r a n s i t i o n  p o s s i b i l i t i e s  
f o r  t h e  e x c i t e d  s t a t e s  a n d  h a v e  l i t t l e  e f f e c t  o ^  t h e  g r o u n d  ...
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s t a t e s .  I n  t h e s e  compounds  t h e  s t e r i c  d i s t o r t i o n  h a s  g i v e n  
r i s e  t o  a  c h a n g e  i n  t h e  a b s o r p t i o n  i n t e n s i t i e s  b u t  n o t  t o  
t h e  w a v e l e n g t h  o f  t h e  a b s o r p t i o n  b a n d s .  B r a u d e  a n d  h i s  c o ­
w o r k e r s  ( i b i d ) s u g g e s t e d  t h a t  when  o n l y  i n t e n s i t y  c h a n g e s  
o c c u r ,  t h e  s u b s t i t u e n t  h a s  p r o d u c e d  a d i s t o r t i o n  o f  t h e  
g r o u n d  s t a t e  b u t  n o t  t h e  e x c i t e d  s t a t e  ( t h e  r e d u c e d  
i n t e n s i t y  was  t h e n  t h o u g h t  t o  f o l l o w  f r o m  t h e  F r a n c k -  
Condon  p r i n c i p l e ) ,  b u t  i f  c h a n g e s  i n  w a v e l e n g t h  a l s o  
o c c u r  t h e n  t h e  e x c i t e d  s t a t e  h a s  a l s o  b e e n  d i s t o r t e d .  Bu t  
i t  i s  n o t  c l e a r  why t h e  f i r s t  c a s e  s h o u l d  g i v e  no w a v e l e n g t h  
c h a n g e s  (J . N . M u r r e l l , T h e o r y  o f  E l e c t r o n i c  S p e c t r a  o f  O r g a n i c  
M o l e c u l e s , p . 2 3 8 ,  M e t h u e n  1 9 6 3 ) .  A l s o  t h e  i n t e n s i t y  o f  t h e  ' 
c o n s t a n t  w a v e l e n g t h  a b s o r p t i o n  b a n d  i s  n o t  t e m p e r a t u r e  
d e p e n d e n t ,  a s  i t  s h o u l d  be  f o r  o n e  a r i s i n g  f r o m  a F r a n c k -  
Condon f o r b i d d e n  t r a n s i t i o n  ( W a i g h t  a n d  E r s k i n e ,  S t e r i c  
E f f e c t s  i n  C o n j u g a t e d  S y s t e m s , p . 7 3 ,  e d .  G r a y ,  B u t t e r w o r t h s  
1 9 5 8 ) .
A c o r r e l a t i o n  b e t w e e n  s p e c t r a  a nd  o p t i c a l  s t a b i l i t i e s  
i s ,  h o w e v e r ,  n o t  s a t i s f a c t o r y ,  b e c a u s e  s p e c t r a l  f e a t u r e s  a r e  
d e t e r m i n e d  by  t h e  i n t e r p l a n a r  a n g l e  w h e r e a s  o p t i c a l  s t a b i l i t i e s  
d e p e n d  u p o n  t h e  e a s i n e s s  w i t h  w h i c h  s u b s t i t u e n t s  p a s s  e a c h  
o t h e r  i n  t h e  t r a n s i t i o n  s t a t e  f o r  r a c é m i s a t i o n .  T h i s  i s
Tv/
o b s e r v e d  w i t h  9 , l O - d i h y d r o - 3 , 4 - 5 , 6 - d i b e ^ o p h e n a n t h r e n e , X L I , 
w h i c h  p o s s e s s e s  a c o n j u g a t i o n  b a n d  ( ^ g 2 ^ ^ . 5 m p )  b u t  i s  much 
m or e  o p t i c a l l y  s t a b l e  ( = 3 4 k ^ c a l . m o l e " ^ . )  t h a n  t h e  l e s s
p l a n a r  1 , 1 ' - b i n a p h t h y l  w h i c h  i s  l e s s  o p t i c a l l y  s t a b l e  
( A E  = 2 2 . 5k . c a l . r a o l e ~ ^ , ) b u t  e x h i b i t s  no c o n j u g a t i o n  b a n d .
)00
The l a c k  o f  c o r r e l a t i o n  b e t w e e n  t h e  s p e c t r a  a n d  o p t i c a l  
s t a b i l i t i e s  o f  t h e  8 , 8 ’- s u b s t i t u t e d  1 , 1 ’- b i n a p h t b y I s  i s  
t h e r e f o r e  n o t  s u r p r i s i n g ,
O
9,  l O - D i h y d r o - 3  > 4 - 5  , 6 - d i b e n i ^ j d i e n a n t h r  e n e : F i g ,  I ,
T h i s  co mp oun d ,  X L I , f o r m e d  by b r i d g i n g  t h e  1 , 1 ’ -  
b i n a p h t l i y l  s y s t e m  w i t h  two m e t h y l e n e  g r o u p s  sh ow s  a s p e c t r u m  
s i m i l a r  t o  t h o s e  o f  t h e  b r i d g e d  b i p h e n y l s ,  9 , 1 0 - d i h y d r o -  
p h e n a n t h r e n e  a n d  4 , 5 - m e t h y l e n e - 9 , 1 0 - d i h y d r o p h e n a n t h r e n e ,
XLI
T h i s  b r i d g i n g ,  a s  i s  e x p e c t e d ,  b r i n g s  t h e  n a p h t h a l e n e  
r e s i d u e s  i n  t h e  m o l e c u l e ,  t o  a  n e a r l y  p l a n a r  n e c e s s a r i  i y  c i s o i d  
c o n f o r m a t i o n .
The s p e c t r u m  shows a s t r u c t u r e  much d i f f e r e n t  f r o m  
t h a t  o f  1 , 1 ’ - b i n a p h t h y l , I t  h a s  a n  i n t e n s e  c o n j u g a t i o n  b a n d  
a t  2 3 9 .  5mp a n d  t h e  l ong \VOive leng th  b a n d  b a s  u n d e r g o n e  a 
b a t h o c h r o m i c  s h i f t  ( i n  c o m p a r i s o n  w i t h  t h a t  o f  1 , 1 ’ - b i n a p ­
h t h y l )  a n d  h a s  f i n e  s t r u c t u r e ,  w h i c h  i s  d u e  t o  t h e  e f f e c t  
o f  t h e  d i m e t h y l e n e  b r i d g e .  The s p e c t r u m  i s  t y p i c a l  o f  a  
c o n j u g a t e d  b i n a p h t h y l  s y s t e m .  H o w ev e r ,  t h e  i n t e n s i t y  o f  
t h e  c o n j u g a t i o n  b a n d  f o r  t h i s  compound  ( (E. 4 2 , 0 0 0 )  i s  l e s s  
t h a n  t h a t  f o r  2 , 2  *- b i n a p h t h y l  ( è  9 4 , 0 0 0 )  w h e r e a s  i n  
1 , 1 ’- b i n a p h t h y l  t h e  b a n d  i s  o v e r s h a d o w e d  by  t h e  s h o r t w a v e  
b a n d .  M o r e o v e r ,  i t  h a s  u n d e r g o n e  a  h y p s o c h r o m i c  s h i f t ,
/ o i
r e l a t i v e  t o  t h e  p o s i t i o n  o f  t h e  c o n j u g a t i o n  b a n d  f o r  2 , 2 ' -  
b i n a p h t h y l .  T h i s  o b s e r v a t i o n  i s  c o n s i s t e n t  w i t h  t h e  f a c t
9 , l O - d i h y d r o - 3 , 4 - 5 , 6 - d i b e n z o p h e n a n t h r e n e  i s  c a p a b l e  o f  
o b s e r v a b l e  o p t i c a l  a c t i v i t y  ( D . M . H a l l  a n d  F . E . T u r n e r  J .  Chem, 
S o 0 . ,  1 9 5 5 ,  1 2 4 2 )  w h e r e a s  2 , 2 ' - b i n a p h t h y l  i s  n o t  a s  i t s  
r o t a t i o n a l  b a r r i e r  i s  t o o  s m a l l .
Hence  a c c o r d i n g  t o  t h e  d e g r e e  o f  p l a n a r i t y ,  a s  r e v e a l e d  
by  t h e  u l t r a v i o l e t  s p e c t r a ,  t h e  f o l l o w i n g  c om p ou n ds  c a n  b e  
w r i t t e n  i n  t h e  o r d e r ; -
9 , l O - D i h y d r o - 3 , 4 - 5 , 6 - d i b e n z o p h e n a n t h r e n e  a n d  2 , 2  *- b i n a p h t h y l  
show t h e  t y p i c a l  n a p h t h a l e n e  c o n j u g a t i o n  b a n d .
1;  1 ' - D i n a p h t h y l - 8 , 8 ' - d i c a r b o x y l i c  a c i d , d i m e t h y l  1 , 1 ' -  
b i n a p h t h y l - 8 , 8 ' - d i c a t b o x y l à t e  a n d  1 , 1 ' - b i n a p h t h y l - 2 , 2  
d i c a r b o x y l i c  a c i d s F i g .  I I .
I n  t h e  s p e c t r u m  o f  t h e  8 , 8 ' - d i a c i d ,  t h e  l o n g  w a v e l e n g t h  
b a n d  h a s  b e e n  s h i f t e d  t o  l o n g e r  w a v e l e n g t h s ,  i t  i s  b r o a d  
a n d  l a c k s  t h e  f i n e  s t r u c t u r e  p r e s e n t  i n  t h e  s p e c t r u m  o f  
1 , 1 ' - b i n a p h t h y l . T h i s  d o e s  not  n e c e s s a r i l y  mean t h a t  t h e r e  
i s  c o n j u g a t i o n  a c r o s s  t h e  1 , 14-bond.  The b a t h o c h r o m i c  s h i f t  
a n d  l o s s  o f  f i n e  s t r u c t u r e  may be  d u e  t o  c o n j u g a t i o n  b e t w e e n  
t h e  c a r b o x y l  g r o u p  a n d  t h e  n a p h t h a l e n e  r e s i d u a s .  J .  l i i j i t a .
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K . K o s h i m i z u  a n d  T . M i t s u i ,  ( T e t r a h e d r o n , 1 9 6 6 ,  22 ,  1 5 8 7 )  h a v e  
w o r k e d  on t h e  u l t r a v i o l e t  s p e c t r a  o f  s u b s t i t u t e d  1 - n a p h t h o i c  
a c i d s .  They  h a v e  o b s e r v e d  t h a t  t h e  l o n g  w a v e l e n g t h  b a n d  
p o s i t i o n s  r e f l e c t  t h e  d e g r e e  o f  c o n j u g a t i o n  b e t w e e n  t h e  
n a p h t h a l e n e  r i n g  a n d  t h e  c a r b o x y l  g r o u p ,  i n  p a r t i c u l a r  f o r  
t h o s e  co mpounds  i n  w h i c h  r o t a t i o n  o f  t h e  c a r b o x y l  g r o u p  i s  
h i n d e r e d  by  a n e a r b y  s e c o n d  s u b s t i t u e n t .  The s p e c t r a  o f  t h e  
2 -  an d  8 -  m e t h y l -  a n d  - h a l o -  s u b s t i t u t e d  d e r i v a t i v e s  o f  1 -  
n a p h t h o i c  a c i d ,  e x c e p t  f o r  t h e  2 - f l u o r o - a c i d ,  p o s s e s s  f i n e  
s t r u c t u r e  w h i c h  c o n s i s t s  o f  t h r e e  p e a i t s  o r  s h o u l d e r s  o b s e r v e d  : 
a t  s h o r t e r  w a v e l e n g t h s  t h a n  f o r  a n y  o f  t h e  a c i d s  s u b s t i t u t e d  
a t  o t l i e r  p o s i t i o n s .  T h i s  f a c t  w o u l d  mean a  l o w e r  d e g r e e  o f  
c o n j u g a t i o n  b e t w e e n  t h e  c a r b o x y l  g r o u p  a n d  t h e  r i n g  o w i n g  
t o  t w i s t i n g  o f  t h e  c a r b o x y l  g r o u p  c a u s e d  s t e r i c  i n t e r a c t i o n  
o f  t h e  v i c i n a l  s u b s t i t u e n t .  F o r  t h e  2 - f  l u o r o - a c i d ,  t h e  l o n g  
w a v e l e n g t h  b a n d  . i s  d e v o i d  o f  f i n e  s t r u c t u r e  a n d  t h e  s p e c t r u m  
r e s e m b l e s  t h a t  o f  1 - n a p h t h o i c  a c i d .  T h i s  f a c t  s u g g e s t s  t h a t  
t h e  c a r b o x y l  g r o u p  i s  n o t  so  h i n d e r e d  a s  t h o s e  o f  o t h e r  
2 -  s u b s t i t u t e d  a c i d s  b e c a u s e  t h e  s m a l l  a t o m i c  r a d i u s  o f  
f l u o r i n e  i s  so s m a l l .  How eve r ,  t h e  s p e c t r u m  o f  t h e  8 , 8 ’-  
d i a c i d  s t i l l  s hows  c o n j u g a t i o n  b e t w e e n  t h e  c a r b o x y l  g r o u p s  
an d  t h e  n a p h t h a l e n e  r e s i d u e s  ( a s  shown  by  l o s s  o f  f i n e  
s t r u c t u r e  a n d  b a t h o c h r o m i c  s h i f t  o f  t h e  l o n g - w a v e  b a d d ) .
T h i s  e x t r a  c o n j u g a t i o n  shows  t h e  e f f e c t  t h e  s u b s t i t u e n t s  
h a v e  on  t h e  c o n j u g a t i o n  b e t w e e n  t h e  n a p h t h a l e n e  r e s i d u e s  i n  
t h e  m o l e c u l e .
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Ho w ev e r ,  i t  i s  o b s e r v e d  t h a t  t h e  l o n g - w a v e  b a n d  i s  
s i i i f t e d  b a t h o c l i r o m i c a l l y  mo re  t h a n  t h a t  o f  1 - n a p h t h o i c  a c i d .  
T h i s  s u g g e s t s  a d d i t i o n a l  c o n t r i b u t i o n  by  t h e  1 , 1 ’- b i n a p h t h y l  
s y s t e m  t o  t h e  o v e r a l l  c o n j u g a t i o n  i n  t h e  m o l e c u l e ,  ( t h i s  
c o u l d  be  c o n s i s t e n t  w i t h  a f a i r l y  p l a n a r  c o n f o r m a t i o n  o f  t h e  
c a r b o x y l i c  a c i d  g r o u p  w i t h  i t s  a t t a c h e d  n a p h t h a l e n e  u n i t ) .
Wi th  t h e  2 , 2 ’- d i a c i d ,  t h e  s h o r t  w a v e l e n g t h  b a n d  h a s  
u n d e r g o n e  a h y p s o c h r o m i c  s h i f t  (X=229)  r e l a t i v e  t o  t h a t  o f  
2 - n a p h t h o i c  a c i d  ( \=233)  (R .A .  F r i e d e l  a n d  M. O r c h i n ,  
U l t r a - V i o l e t  S p e c t r a  o f  A r o m a t i c  C om pou nd s , W i l e y  a n d  S o n s .  
I n c . ,  New Y o r k )  a nd  t h e  i n t e n s i t y  ( 6 9 , 0 0 0 )  a p p r o a c h e s
t h a t  o f  t h e  b a n d  i n  t h e  n a p h t h a l e n e  p a r t i a l  c h r o r n o p h o r e s  a n d  
i s  h i g h e r  t h a n  t h a t  o f  t h e  8 , 8 ’- d i a c i d  ( é  6 0 , 0 0 0 ) .  T h e r e  
i s  i n c r e a s e d  f i n e  s t r u c t u r e ,  c o m p a r e d  t o  t h e  s p e c t r u m  o f  
1 , 1 ’- b i n a p h t h y l , Howeve r ,  a c o m p a r i s o n  b e t w e e n  t h e  s p e c t r a  
o f  t h e  2 , 2 ’- d i a c i d  a n d  t h e  8 , 8 ’- d i a c i d  i s  c o m p l i c a t e d  by  t h e  
g r e a t e r  c o n j u g a t i v e  e f f e c t s  o f  t h e  c a r b o x y l  g r o u p s  i n  t h e  
8 , 8 ’- d i a c i d ,  w h i c h  o v e r s h a d o w  t h e  f i n e  s t r u c t u r e  i n  t h e ' 
s p e c t r u m  o f  t h e  8 , 8 ’- d i a c i d  a s  i t  d o e s  i n  1 - n a p h t h o i c  a c i d .
The s p e c t r u m  o f  d i m e t h y l - 1 , 1 ’- b i n a p h t h y l - 8 , 8 ’- d i c a r b o x y -  
l a t e  r e s e m b l e s  t h a t  o f  t h e  8 , 8 ’- d i a c i d .  He nce  t h e  f a c t o r s  
o p e r a t i n g  i n  t h e  two compounds  a r e  s i m i l a r .  T h i s  s u g g e s t s  
t h a t  s t e r i c  c o n s i d e r a t i o n s ,  r a t h e r  t h a n  i n t e r n a l  h y d r o g e n  
b o n d i n g  ( s a y  o f  an  OH-?c e l e c t r o n  t y p e )  g o v e r n  t h e  c h o i c e  o f  
c o n f o r m a t i o n .
1 , 1 ' - B i n a p h t h y l - 8 - c a r b o x y l i c  a c i d  a n d  8 ’- m e t h y l - 1 , 1 ’-  
b i n a p h t h y l - 8 - c a r b o x y l i c  a c i d  : F i g .  I I I .
T h e s e  two compounds  h a v e  u l t r a v i o l e t  s p e c t r a  r c s o i n b l i n g  
t h a t  o f  1 , 1 ’- b i n a p h t h y l  e x c e p t  t h a t  b a n d s  a r e  b r o a d e r  a n d
o
t h e  l o n g  w a v e l e n g t h  b a n d s  h a v e  u n d e r g o n e  a  b a t l ^ h r o r n i c  s h i f t ,
p r e s u m a b l y  d u e  t o  c o n j u g a t i o n  b e t w e e n  t h e  c a r b o x y l  g r o u p s
a n d  t h e  n a p h t h a l e n e  r e s i d u e s  a s  i n  t h e  8 , 8 ' - d i a c i d .
\
8 , 8 - D i m e t h y l - , 8 - m e t h y l -  a n d  2 , 2 ' - d i m e t h y l - 1 , 1  ' -  
b i n a p h t h y l ; F i g ,  V,
The s p e c t r u m  o f  8 , 8  ' - d i m e t l i y  1 - 1 , 1  ' - b i n a p h t h y l  r e s e m b l e s  
t h a t  o f  1 , 1 ' - b i n a p h t h y l  i n  f i n e  s t r u c t u r e .  H o w e v e r ,  t h e  
s p e c t r u m  o f  2 , 2 ' - d i m e t h y l - 1 , 1 ' - b i n a p h t h y l  shows  m o r e  d e v e l o p e d  
f i n e  s t r u c t u r e  a n d  t h e  a p p e a r a n c e  o f  t h e  t y p i c a l  n a p h t h a l e n e  
b a n d  a t  a b o u t  3 l4mpé  The a b s o r p t i o n  minimum h a s  b e e n  s h i f t e d  
h y p s o  c h r o m i c a l l y  a n d  i t s  i n t e n s i t y  i s  l o w e r  t h a n  t h a t  o f  
8 , 8 ' - d i m e t h y l - 1 , 1 ) b i n a p h t h y l .  T h i s  s u g g e s t s  t h a t  t h e  w h o l e  
b i n a p h t h y l  s k e l e t o n  i s  more  n e a r l y  p l a n a r  i n  8 , 8 ' - d i m e t h y l - 1 , 1 ' -  
b i n a p h t h y l  t h a n  i n  t h e  2 , 2 ' - d i m e t h y l - 1 , 1 ' - b i n a p h t h y l  m o l e c u l e ,  
a l t h o u g h  i n d i v i d u a l  n a p h t h a l e n e  u n i t s  may b e  m o r e  d i s t o r t e d  
i n  t h e  8 , 8 ' - c o m p o u n d .  M o d e l s  c o n f i r m  t h a t  t h i s  s u g g e s t i o n  
i s  p o s s i b l e .  The s p e c t r u m  o f  8 - m e t h y l - 1 , 1 ' - b i n a p h t h y l  
r e s e m b l e s  t h a t  o f  t h e  8 , 8 ' - d i m e t h y l  d e r i v a t i v e .
8 , 8 ' - Bi  s h y d r o x y m e t h y l - 1 , 1 ' - b i n a p h t h y l , 2 , 2 ' - h i  s h y d r o x y  
- 1 , 1  ' - b i n a p h t h y l  a n d  8 , 8  ' - b i g b r o m o m e t h y l - 1 , 1  ' - b i n a p h t h y l  :Fi /^. !V.
The s u b s t i t u e n t  -CH^OH h a s  e s s e n t i a l l y  t h e  same  e f f e c t  
on  s p e c t r a  a s  t h e  s i m p l e  a l k y l  s u b s t i t u e n t .  T h i s  i s  d u e  
t o  t h e  f a c t  t h a t  t h e  a u x o c h r o m i c  g r o u p  -OH,  i s  i n s u l a t e d  
f r o m  t h e  a r o m a t i c  c h r o m o p h o r e  by  a  m e t h y l e n e  g r o u p .  The
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s p e c t r a  o f  t h e  h y d r o x y m e t h y l  com p ou n ds  c a n  t h e r e f o r e  be  
c o m p a r e d  t o  t l i o s e  o f  t h e  m e t h y l  c o m p o u n d s .  The s p e c t r u m  o f  
8 , 8 ' - b i s h y d r o x y r n e t h y l - 1 , 1  ' - b i n a p h t h y l  r e s e m b l e s  t h o s e  o f  
1 , 1 ' - b i n a p h t h y l  a n d  8 , 8 ' - d i m e t h y l - 1 , 1 ' - b i n a p h t h y l , b u t  i t  
d i f f e r s  f r o m  t h a t  o f  2,  2 ' - ^ b i s h y d r o x y m e t h y l - 1 , 1  ' - b i n a p h t h y l  
w h i c h  shows  i n c r e a s e d  f i n ô  s t r u c t u r e ,  w i t h  a d e v e l o p i p e n t  o f  
t h e  n a p h t h a l e n e  l o n g  w a v e l e n g t h  b a n d  a t  305mp.  The s p e c t r u m  
o f  t h e  l a t t e r  compound  h a s  a minimum w i t h  a l o w e r  i n t e n s i t y  
t h a n  t h a t  o f  t h e  f o r m e r  and  i t  r e s e m b l e s  t h a t  o f  2 , 2 ' -  
d i m e t h y l - 1 , 1 ' - b i n a p h t h y l .  T h i s  a l s o  i n d i c a t e s  t h a t  8 , 8 ' -  
b i s h y d r o x y m e t h y l - 1 , 1 ' - b i n a p h t h y l  h a s  a  m or e  p l a n a r  b i n a p h t h y l  
s k e l e t o n  t h a n  2 , 2 ' - b i s h y d r o x y - m e t h y l - 1 , 1 ' - b i n a p h t h y l .
8 , 8 ' - 6 i s b r o m o m e t h y l - l ,  1 ' - b i n a p h t h y l  h a s  a s p e c t r u m  
w h i c h  resembl<iS t h a t  o f  1 , 1  ' - b i n a p h t h y l , 8 , 8 ' - d i m e t h y l - , 
a n d  8 , 8 ' - b i s h y d r o x y m e t h y l - 1 , 1 ' - b i n a p h t h y l  i n   ^ f i n e  s t r u c t u r e  
a n d  i n t e n s i t i e s  o f  t h e  a b s o r p t i o n  b a n d s .
I t  i s  t h e r e f o r e  a p p a r e n t  t h a t  i n c r e a s i n g  t h e  s i z e  o f  t h e  
s u b s t i t u e n t  i n  t h e  8 , 8  *- p o s i t i o n s  i n  1 , 1 ' - b i n a p h t h y l  d o e s  
n o t  h a v e  a  g r e a t  e f f e c t  on t h e  d e g r e e  o f  n o n - p l a n a r i t y  i n  
t h e  o v e r a l l  s y s t e m  a s  f a r  a s  c a n  be  d e d u c e d  f r o m  t h e  u l t r a ­
v i o l e t  s p e c t r a .  H ow eve r ,  s u b s t i t u t i o n  i n  t h e  2 , 2 ' - p o s i t i o n s  
i n c r e a s e s  t h e  n o n - p l a n a r i t y  o f  t h e  1 , 1 ' - b i n a i ) h t h y  1 s y s t e m .
I t  i s ,  i n  g e n e r a l  o b s e r v e d  t h a t  w i t h  0 , 8 ' - s u b s t i t u t e d  
1 , 1 ' - b i n a p h t h y l s , t h e  s h o r t w a v e  b a n d  h a s  a  l o w e r  i n t e n s i t y ,  
t h e  a b s o r p t i o n  minimum h a s  a  h i g h e r  i n t e n s i t y  a n d  i s  s h i f t e d  
b a t h o c h r o m i c a l l y  a n d  t h e  l o n g w a v e  b a n d  h a s  l e s s  f i n e  s t r u c t u r e
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a n d  i s  a l s o  s h i f t e d  b a t h o c h r o m i c a l l y , t h a n  i s  t h e  c a s e  w i t h  
2 , 2 ’- s u b s t i t u t e d  1 , 1 ' - b i n a p h t h y l .
I n  t h e  c a s e  o f  t h e  8 , 8 ' - s u b s t i t u t e d  1 , 1 ' - b i n a p h t h y l s  
t h e r e  i s  p e r i - i n t e r a c t i o n  w h i c h  c a u s e s  i n - p l a n e  a n d  o u t - o f ­
p l a n e  d e f l e c t i o n  o f  s u b s t i t u e n t s .  T h i s  " p u s h i n g  o u t "  o f  
s u b s t i t u e n t s  a p p e a r s  t o  a l l o w  g r e a t e r  i n t e r a c t i o n  b e t w e e n  
t h e  n a p h t h a l e n e  r e s i d u e s  i n  t h e s e  c o m p o u n d s .  T h i s  i s  n o t  
so w i t h  2 , 2 ' - s u b s t i t u t e d  1 , 1 ' - b i n a p h t h y l s . The l a c k  o f  
d e f l e c t i o n  o f  s u b s t i t u e n t s  i n  2 , 2 ' - s u b s t i t u t e d  1 , 1 ' - b i n a p h t h y l s  
g i v e s  r i s e  t o  i n c r e a s e d  n o n - p l a n a r i t y  o f  t h e  b i n a p h t h y l  
s y s t e m ,  t h u s  r e d u c i n g  t h e  i n t e r a c t i o n  b e t w e e n  t h e  n a p h t h a l e n e  
r e s i d u e s  i n  t h e  s y s t e m .
The p o s s i b i l i t y  o f  i n - p l a n e  d e f l e c t i o n s  o f  t h e  s u b s t i t u e n t s  
i n  8 , 8 ' - s u b s t i t u t e d  1 , 1 ' - b i n a p h t h y l s , r e d u c e s  t h e  d e g r e e  o f  
o u t - o f - p l a n e  d e v i a t i o n s  o f  t h e  s u b s t i t u e n t s ,  t h u s  a l l o w i n g  
some c o n j u g a t i o n  b e t w e e n  t h e  c a r b o x y l  ( a n d  e s t e r )  g r o u p s  a n d  
t h e  n a p h t h a l e n e  r e s i d u e s .  Y / i t h o u t  s u c h  d e f o r m a t i o n s  t h e  n e t  
r e s u l t  w o u l d  be  a  s y s t e m  a s  n o n - p l a n a r  a s  t h e  2 , 2 ' - s u b s t i t u t e d  
1 , 1 ' - b i n a p h t h y l  s y s t e m  an d  t h e  u l t r a v i o l e t  s p e c t r a l  d i f f e r e n c e s  
b e t w e e n  t h e  two c l a s s e s  o f  co mp ou nds  w o u l d  n o t  be  o b s e r v e d .
He nce  t h e s e  s p e c t r a l  d i f f e r e n c e s  b e t w e e n  t h e  8 , 8 ' - s u b s t i t u t e d  
an d  2 , 2 ' - s u b s t i t u t e d - 1 , 1 ' - b i n a p h t h y l s  a r e  l i k e l y  t o  be  d u e  
t o  d i f f e r e n c e s  i n  t h e  e f f e c t s  t h e  s u b s t i t u e n t s  h a v e  on  t h e  
g r o u n d  s t a t e s  o f  t h e  m o l e c u l e s .
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UGING OJ’TICAL ROTATORY DISPERSION AND CIRCULAR DICHROIoM.
( i ) I n t r o d u c t i o n  :
D i s s y m m e t r i c  s u b s t a n c e s  h a v e  a n  a b i l i t y  t o  r e f r a c t  
a n d  a b s o r b  r i g h t  a n d  l e f t  c i r c u l a r l y  p o l a r i z e d  l i g h t  t o  
d i f f e r e n t  e x t e n t s  ( i . e .  o p t i t a l  a c t i v i t y  o r  o p t i c a l  r o t a t o r y  
p o w e r ) •
A beam o f  l i g h t  i s  a s s o c i a t e d  w i t h  v a r y i n g  e l e c t r i c a l  
a n d  m a g n e t i c  f i e l d s .  I n  a beam o f  p l a n e  p o l a r i z e d  l i g h t ,  
t h e  e l e c t r i c a l  v e c t o r ,  E,  i s  r e s t r i c t e d  t o  o n e  p l a n e  a n d  i t s  
m a g n i t u d e  a t  a  g i v e n  p o i n t  i n  t h e  beam v a r i e s  p e r i o d i c a l l y  
I n  a  beam o f  c i r c u l a r l y  p o l a r i z e d  l i g h t ,  t h e  m a g n i t u d e  o f  
t h e  v e c t o r  r e m a i n s  u n c h a n g e d ,  b u t  i t s  d i r e c t i o n  a t  a  g i v e n  
p o i n t  r o t a t e s  w i t h e r  c l o c k w i s e  ( r i g h t  c i r c u l a r l y  p o l a r i z e d )  
o r  a n t i c l o c k w i s e  ( l e f t  c i r c u l a r l y  p o l a r i z e d  l i g h t ) .  Crudely 
s p e a l ^ i n g ,  p l a n e  p o l a r i z e d  l i g h t  c o r r e s p o n d s  t o  an  o r d i n a r y  
wave  i n  o ne  p l a n e ,  w h i l e  c i r c u l a r l y  p o l a r i s e d  l i g h t  c o r r e s p ­
o n d s  t o  m ov em en t  a l o n g  a  r i g h t  o r  l e f t  h a n d e d  h e l i x .  P l a n e  
p o l a r i z e d  l i g h t  c a n  be  c o n s i d e r e d  t o  be  t h e  r e s u l t a n t  o f  two 
c i r c u l a r l y  p o l a r i z e d  i n - p h a s e  beams  o f  t h e  same f r e q u e n c y  
a n d  a m p l i t u d e .  The e l e c t r i c  v e c t o r s ,  E^ (R = r i g h t )  a nd  
E^ (L = l e f t )  t r a c e  o u t  h e l i c a l  p a t h s  o f  o p p o s i t e  c h i r a l i t i e s  
so t h a t  c i r c u l a r l y  p o l a r i z e d  l i g h t  i s  d i s s y m m e t r i c .  A 
d i a s t e r e o i s o m e r i c  r e l a t i o n s h i p  o c c u r s  b e t w e e n  r i g h t  c i r c u l a r l y  
p o l a r i z e d  l i g i i b  p a s s i n g  t h r o u g h  a  d i s s y m m e t r i c  med ium o f  
g i v e n  c h i r a l i t y ,  a n d  l e f t  c i r c u l a r l y  p o l a r i z e d  l i g h t  p a s s i n g
t h r o u g h  t h e  i d e n t i c a l  medium.  He nce  a  d i s s y m m e t r i c  medium 
c a n  d i s t i n g u i s h  b e t w e e n  t h e  two beam s  o f  o p p o s i t e  c h i r a l i t y ,  
t h e  d i s t i n c t i o n  t a k i n g  t h e  f o r m  o f  d i f f e r e n c e s  i n  r e f r a c t i v e  
i n d i c e s  o f  t h e  two beams  ^ d i f f e r e n c e s  i n  m o l a r
e x t i n c t i o n  c o e f f i c i e n t s  ) .  The f o r m e r  i s  r e f e r r e d  t o
a s  c i r c u l a r  b i r e f r i n g e n c e s  a nd  t h e  l a t t e r  a s  c i r c u l a r  d i c h r o i s m .
F o r  a  g i v e n  s o l u t e ,  s o l v e n t ,  w a v e l e n g t h  X, a n d  t e m p e r a t u r e  
T, t h e  m a g n i t u d e  o f  t h e  m e a s u r e d  a n g l e  o f  r o t a t i o n  i s  
p r o p o r t i o n a l  t o  t h e  nu m b er  o f  m o l e c u l e s  i n  t h e  p a t h  o f  t h e  
l i g h t  ( B l o t ' s  l a w ) .  The p r o p o r t i o n a l i t y  c o n s t a n t  i s  t h e  
s p e c i f i c  r o t a t i o n ,  Hx} o r - t h e  m o l e c u l a r  r o t a t i o n  d e p e n d i n g
on u n i t s  o f  c o n c e n t r a t i o n .
F o r  s o l u t i o n s ,
rjy X 100
= -r;-------------  w h e r e  a = r o t a t i o n  i n  d e g r e e
JL X C ^
1 = p a t h  l e n g t h
c = g r a m s ,  p e r  c . c .
r  T i -I n ,= X M = m o l e c u l a r  w e i g h t
^ 100
o r  v a r y  w i t h  w a v e l e n g t h  a n d  t h i s  c a n  b e  u n d e r s t o o d
A A
i n  t e r m s  o f  t h e  d e p e n d e n c e  o f  r e f r a c t i v e  i n d e x  on  w a v e l e n g t h  
w h i c h  i n  a  d i s s y m m e t r i c  med ium,  f o l l o w s  a  d i f f e r e n t  c o u r s e  
f o r  n^^ a nd  n ^ .  At  a g i v e n  w a v e l e n g t h  t h e  r o t a t i o n  i s  
p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  b e t w e e n  n ^  a n d  n^^. T h e r e f o r e  
t h e  d e p e n d e n c e  o f  s p e c i f i c  ( o r  m o l e c u l a r )  r o t a t i o n  on  
w a v e l e n g t h  ( o p t i c a l  r o t a t o r y  d i s p e r s i o n  o r  ORP) f o l l o w s  a  
c o u r s e  d i c t a t e d  by  t h a t  d i f f e r e n c e  i n c l u s i v e  o f  s i g n .  T h i s  
b e h a v i o u r ,  t o g e t h e r  w i t h  t h e  w a v e l e n g t h  d e p e n d e n c e  o f  c i r c u l a r
) O S
c l i c l i r o i s m  ( d e s c r i b e d  b e l o w )  c o n s t i t u t e  t h e  C o t t o n  o f  i ' e c t .
T .Whe r e  n^^^ n ^ ,  i s  p o s i t i v e  a n d  w h e r e  n^<^ n^^
rp
[ a L  i s  n e g a t i v e .  ' 'K
TWhen nr  = n , oc. = 0 ,  a nd  t h i s  o c c u r s  a t  a w a v e l e n g t h  n H ^
(Xo) i d e a l l y  c o r r e s p o n d i n g  t o  t h e  X^^^  o f  t h e  r e l a v e n t  
a b s o r p t i o n  b a n d .  At  w a v e l e n g t h s  f a r  r e m o v e d  f r o m  Xo,  t h e  
d e p e n d e n c e  o f  o p t i c a l  r o t a t i o n  on  w a v e l e n g t h  i s  g i v e n  by  t h e  
D ru d e  e q u a t i o n ,
T 2 2= A/ (X -  X o ) ,  a b e i n g  a  c o n s t a n t  c h a r a c t e r i s t i c
o f  t h e  s o l v e n t  -  s o l u t e  s y s t e m .
ORD c u r v e s  ( [(zf] p i è t t e d  a g a i n s t  X) a r e  c l a s s i f i e d  i n t o
two m a i n  t y p e s :
( a )  P l a i n  c u r v e s
( b )  C o t t o n  e f f e c t  c u r v e s
Compounds w h i c h  do n o t  p o s s e s s  an  o p t i c a l l y  a c t i v e  
a b s o r p t i o n  b a n d  w i t h i n  t h e  r e g i o n  s t u d i e d ,  g e n e r a l l y  g i v e  
c u r v e s  s h o w i n g  no maxima  a n d  a r e  t e r m e d  p l a i n  c u r v e s .  T h o s e  
c a n  e i t h e r  be  p o s i t i v e  o f  n e g a t i v e  d e p e n d i n g  on  w h e t h e r  t h e  
r o t a t i o n  o f  t h e  compound b e c o m e s  m or e  p o s i t i v e  o r  m o r e  n e g a l - i v e  
w i t h  d e c r e a s i n g  w a v e l e n g t h .  C o t t o n  e f f e c t  c u r v e s  show max i ma  
a n d  m i n i m a  known a s  p e a l t s  a n d  t r o u g h s  w h i c h  a r e  c o l l e c t i v e l y  
r e f e r r e d  t o  a s  e x t r e m a .  A c u r v e  w i t h  o ne  pea l t  a n d  t r o u g h  i s  
c a l l e d  d s i n g l e  C o t t o n  e f f e c t  c u r v e  a n d  i t  i s  c l a s s i f i e d  
a s  p o s i t i v e  d e p e n d i n g  on w h e t h e r  t h e  e x t r e mu m  a t  l o n g e r  
w a v e l e n g t h s  i s  a  pea l i  o r  t r o u g h .  The a l g e b r a i c  d i f f e r e n c e  
b e t w e e n  t h e  m o l e c u l a r  r o t a t i o n s  a t  t h e  pea l i  a n d  t h e  t r o u g h  i s
/ lO
known a s  t h e  m o l e c u l a r  a m p l i t u d e .  C u r v e s  h a v i n g  m o r e  t h a n  
o n e  ex t r e mum  o f  t h e  same t y p e  a f e  c a l l e d  M u l t i  p i e  C o t t o n  
e f f e c t  c u r v e s .
C i r c u l a r  D i c h r o i s m
T h e r e  a r e  s m a l l  d i f f e r e n c e s  i n  t h e  m o l a r  e x t i n c t i o n  
c o e f f i c i e n t s  €: ^  a n d  ^ o f  c i r c u l a r l y  p o l a r i z e d  c o m p o n e n t s  
o f  p l a n e - p o l a r i z e d  l i g h t  an d  t h e s e  d i f f e r e n c e s  a r e  e x p r e s s e d  
by  t h e  m o l e c u l a r  e l l i p t i c i t y ;
[ o ]  I  = 3300  (£[,  - S > -
The e l l i p i c i t y  a r i s e s  f r om  t h e  f a c t  t h a t  a s  o n e  o f  t h e  
c i r c u l a r l y  p o l a r i z e d  beams  i s  a b s o r b e d  more  t h a n  t h e  o t h e r ,  
t h e  r e s u l t a n t  v e c t o r  E no l o n g e r  o s c i l l a t e s  i n  a p l a n e  ( wh os e  
p r o j e c t i o n  i s  a l i n e )  b u t  i n s t e a d  t r a c e s  o u t  a f l a t t e n e d  
h e l i x  (whos e  p r o j e c t i o n  i s  an  e l l i p s e ) .  C i r c u l a r  d i c h r o i s m  
an d  c i r c u l a r  b i r e f r i n g e n c e  o c c u r  t o g e t h e r  a n d  t h e r e f o r e  i t  
i s  n o t  s t r i c t l y  t h e  p l a n e  o f  p o l a r i z a t i o n  t h a t  i s  r o t a t e d  
b u t  t h e  " m a j o r  p l a n e "  o f  t h e  f l a t t e n e d  h e l i x  ( w h o s e  p r o j e c t i o n  
i s  t h e  m a j o r  a x i s  o f  t h e  e l l i p s e ) .  S i n c e  [p]  i s  e x t r e m e l y  
s m a l l ,  t h e  d i s t i n c t i o n  i s  n o t  n e c e s s a r y .  The CD c u r v e  h a s  
a p o s i t i v e  o r  n e g a t i v e  s i g n  o v e r  t h e  w h o l e  w a v e l e n g t h  r a n g e  
and  by  c o n v e n t i o n ,  when ( ^  [G] i s  p o s i t i v e .
A CD c u r v e  h a s  an  a p p e a r a n c e  a n d  s h a p e  c l o s e l y  s i m i l a r  
t o  t h e  a b s o r p t i o n  c u r v e  o f  t h e  r e l e v a n t  e l e c t r o n i c  t r a n s i t i o n ,  
t h e  p o s i t i o n s  o f  maximum a b s o r p t i o n s  o f  t h e  " r e d u c e d "  o r  
i s o l a t e d  c u r v e s  ( c u r v e s  f r e e  f r o m  o v e r l a p p i n g  n e i g h b o u r i n g  
b a n d s )  c o r r e s p o n d  a l m o s t  e x a c t l y .  H ow e v e r ,  a  CD c u r v e  i s
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s i g n e d  ( p o s i t i v e  o r  n e g a t i v e ) ,  t h e  s i g n  b e i n g  t h a t  o f  t h e  
C o t t o n  e f f e c t .
S t r u c t u r e  and  O p t i c a l  R o t a t o r y  P ow er  :
A g i v e n  m o l e c u l e  may h a v e  s e v e r a l  c h r o r n o p h o r e s  a n d  o n e  
o r  m or e  e l e c t r o n i c  t r a n s i t i o n s  c o r r e s p o n d i n g  t o  e a c h  o f  t h e s e , 
e . g .  a m o l e c u l e  may p o s s e s s  a n i t r o b e n z e n e  r i n g  s y s t e m  a n d  
a c a r b o n y l  s y s t e m  s e p a r a t e d  by m e t h y l e n e  g r o u p s .  The 
c h r o m o p h o r e s  a n d  t h e i r  v a r i o u s  t r a n s i t i o n s  g i v e  r i s e  t o  s e v e r a l  
C o t t o n  e f f e c t s ,  p o s i t i v e  a nd  n e g a t i v e .  I n  g e n e r a l  a  c o m p l e x  
m o l e c u l e  may h a v e  n u m e r o u s  o p t i c a l l y  a c t i v e  t r a n s i t i o n s  ( i . e .  
t r a n s i t i o n s  h a v i n g  C o t t o n  e f f e c t s ) .  T h e s e  c a n  a l s o  be  
r e f e r r e d  t o  a s  o p t i c a l l y  a c t i v e  c h r o m o p h o r e s .
A c c o r d i n g  t o  A. M o s c o w i t z  ( T e t r a h e d r o n , 1 9 6 1 ,  13,  48 )  
t h e r e  a r e  two l i m i t i n g  t y p e s  o f  o p t i c a l l y  a c t i v e  t r a n s i t i o n s :  
" a s y m m e t r i c a l l y  p e r t u r b e d  s y m m e t r i c "  a n d  " i n h e r e n t l y  
d i s s y m m e t r i c " .  t h e  f o r m e r  ( e . g .  t h e  c a r b o n y l  g r o u p  o f  ( + ) “ 3 -  
m e t h y l c y c l o h c x a n o n e ) a r e  c h r o m o p h o r e s  . w h i c h  on  g r o u n d s  o f  
l o c a l  s y m m e t r y  a r e  s y m m e t r i c  ( i . e .  n o n d i s s y m m e t r i c ) a n d  
o p t i c a l l y  i n a c t i v e .  ' Such  g r o u p s  may be  a t t a c h e d  t o  o t h e r  g r o u p s  
e . g .  a l k y l  g r o u p s ,  whos e  e l e c t r o n i c  t r a n s i t i o n s  a r e  f a r  r e m o v e d  
i n  e n e r g y  a nd  t h e r e f o r e  m ix  o n l y  s l i g h t l y  w i t h  t h e  c h r o m o p h o r e s  
t h e m s e l v e s .  Su c h  s y m m e t r i c  c h r o m o p h o r e s  may be  s y m m e t r i c a l l y  
o r  d i s s y m m e t r i c a l l y  p e r t u r b e d  by  t h e  e x t r a c h r o m o p h o r i c  
e n v i r o n m e n t *  R o t a t i o n a l  s t r e n g t h s  o f  s u c h  c h r o m o p h o r e s  a r e  
l ow ( l e s s  t h a n  10 )  a n d  m o l e c u l a r  a m p l i t u d e  o f  C o t t o n  e f f e c t s  
a r e  g e n e r a l l y  l e s s  t h a n  1 0 ^ .
1 1^
Oil t h e  o t h e r  h a n d ,  some c h r o m o p h o r e s  a r e  t h e m s e l v e s  
d i s s y m m e t r i c ,  a nd  s u c h  i n h e r e n t l y  d i s s y m m e t r i c  c h r o m o p l i o r es  
a r e  a c c o m p a n i e d  by r e l a t i v e l y  l a r g e  r o t a t i o n a l  s t r e n g t l i s  
( i . e .  25 o r  g r e a t e r )  an d  l a r g e  C o t t o n  e f f e c t  a m p l i t u d e s  
( 10^  o r  g r e a t e r ) .  S i n c e  C o t t o n  e f f e c t s  a c c e s s i b l e  by  c u r r e n t  
i n s t r u m e n t a t i o n  a r e  t h o s e  i n  w h i c h  t h e  r e l e v a n t  t r a n s i t i o n s  
i n v o l v e  x  ^ e x c i t e d  s t a t e s ,  t h e  s t r u c t u a l  f e a t u r e  m o s t  c l o s e l y  
i d e n t i f i e d  w i t h  t h i s  c h r o m o p h o r e  i s  t h e  t w i s t e d  d i s s y m m e t r i c ,  
x - s y s t e m  e . g .  s k e w e d  b i p h e n y l s .
The s i g n  o f  t h e  C o t t o n  e f f e c t  o f  an  i n l i e r e n t l y  d i s s y m m e t r i c  
c h r o m o p h o r e  d i r e c t l y  d e p e n d s  u p o n  t h e  c h i r a l i t y  o f  t h e  
c h r o m o p h o r e  i t s e l f  w h e r e a s  t h a t  o f  a d i s s y m m e t r i c a l l y  
p e r t u r b e d  s y m m e t r i c  c h r o m o p h o r e  d e p e n d s  on  t h e  c h i r a l i t y  o f  
t h e  p e r t u r b i n g  e n v i r o n m e n t .
Ho w ev e r ,  K.  Mi s l o w  ( I n t r o d u c t i o n  t o  S t e r e o  c hc m i  s t r y , 
p .  66 ,  B e n j a m i n  I n c . ,  New Yo rk  1 9 6 5 )  p o i n t s  o u t  t h a t  t h i s  
c l a s s i f i c a t i o n  o f  o p t i c a l l y  a c t i v e  c h r o m o p h o r e s  i s  p u r e l y  a 
m a t t e r  o f  c o n v e n i e n c e  s i n c e ,  t h e o r e t i c a l l y  e i t h e r  o u t l o o k  
l e a d s  t o  t h e  same r e s u l t .  T h e s e  v i e w p o i n t s  r e f e r  t o  l i m i t i n g  
s i t u a t i o n s  s e p a r a t e d  by a c o n t i n u u m  o f  p o s s i b i l i t i e s .
( i i ) A b s o l u t e  C o n f i g u r a t i o n  o f  t w i s t e d  b i p h e n y l s
C o n f i g u r a t i o n  r e f e r s  t o  t h e  r e l a t i v e  p o s i t i o n  o r  o r d e r  
o f  a r r a n g e m e n t  o f  a t o m s  i n  s p a c e  w h i c h  c h a r a c t e r i s e s  a 
p a r t i c u l a r  s t e r e o i s o m e r .  A b s o l u t e  c o n f i g u r a t i o n  r e f e r s  t o  
t h e  p o s i t i o n  o r  o r d e r  o f  a r r a n g e m e n t  o f  t h e  l i g a n d  a t o m s
} l ^
i n  s p a c e  i n  r e l a t i o n  t o  a commonly a / ^ r ee d  u%)on m a c r o s c o p i c  
s t a n d a r d  o f  c h i r a l i t y  e . g .  a r i g h t - h a n d e d  h e l i x .  A b s o l u t e  
c o n f i g u r a t i o n s  a r e  s p e c i f i e d  a s  R ( R e c t u s  = r i g h t )  a n d  
S ( m i n i s t e r  = l e f t ) ,  d e s i g n a t i o n  p r o p o s e d  by R . 3 .  Ca lm,  
O.K.  I n g o l d  a n d  V. P r e l o g  ( E x p o r i e n t i a , 1 9 5 8 ,  1 ^ ,  8 1 ) .
F o r  sk e w e d  b i p h e n y l  i t s e l f , ,  t h e  c o n f i g u r a t i o n s  a r e :
R
Y Y
To t h e  g e n e r a l  s e q u e n c e  r u l e ,  f o r  a s s i g n i n g  c o n f i g n i t i o n s  
t o  b i p h e n y l s ,  t h e r e  h a s  t o  be  a d d e d  t h e  p a r t i c u l a r  r u l e  f o r  
b i p h e n y l s ;  " n e a r  g r o u p s  p r e c e d e  f a r  g r o u p s " .  The R c o n f i g u r a t i o n  
f o r  1 , 1  *- b i n a p h t h y l  c a n  t h e r e f o r e  be  d r a w n  a s :
R ( c i s o i d ) R ( t r a n s o ii i j r
I iH
C o n f i / 7 U r a t i o n a l  Ass i f ^nmen i  f r o m  f i r s t  p r i n c i p l e s . B i p h e n y l s
C o n f i g u r a t i o n a l  i n t e r c o r r e l a t i o n s  o f  some i n h e r e n t l y  
d i s s y m m e t r i c  c l i r o m o p h o r es  h a v e  b e e n  d e t e r m i n e d  by  c h e m i c a l  
c o r r e l a t i o n  w i t h  an  e s t a b l i s h e d  s t a n d a r d  a nd  by t h e r m a l  a n a l y s i s  
F i r s t  i t  was  n e c e s s a r y  t o  e s t a b l i s h  t h e  c o n f i g u r a t i o n  o f  a t  
l e a s t  on e  b i p h e n y l  w i t h  c e r t a i n t y .
K. Mi s l o w  a nd  P.  Neuman ( j .  Amer . Cliem. So c . , 1 9 5 7 ,  7 9 ,
17 69 ) a n d  K.  Mi s l o w  (A n n a l s  o f  t h e  New Yo rk  Acad erny o f  S c i  e n c e s , 
1 9 6 2 ,  93.) 457 ) r e p o r t  a g e n e r a l  d i r e c t  c h e m i c a l  m e t h o d  f o r  
c o r r e l a t i n g  t h e  c o n f i g u r a t i o n  o f  a b i p h e n y l  w i t h  t h a t  o f  a 
c e n t r a l l y  a s y m m e t r i c  compound a nd  h e n c e  f o r  t h e  e s t a b l i s h m e n t  
o f  a b s o l u t e  c o n f i g u r a t i o n  i n  t h e  b i p h e n y l  s e r i e s .  I t  was  
shown t h a t  t h e  p a r t i a l  a s y m m e t r i c  M e e r w e i n - P o u n d o r f - V e r l e y  
r e d u c t i o n s  o f  ( - ) - I  a n d  o f  t h e  r e l a t e d  d i m e t h y l  k e t o n e  ( - ) - I I  
w i t h  (s) ( + ) ~ 2 - o c t a n o l  i n  t h e  p r e s e n c e  o f  A l ( t - B u ( ^ ^  l e a v e  
u n r e d u c e d  I  a n d  I I  e n r i c h e d  i n  t h e  ( + ) -  a n d  ( - ) -  e n a n t i o r n e r ,  
r e s p e c t i v e l y .
( S ) ( - ) - I I
NO
(s) (+)- i
On i n s p e c t i n g  m o d e l s  o f  ( S ) - I  a n d  ( S ) - I I ,  t h e y  o b s e r v e d  t h a t
h y d r o g e n  t r a n s f e r  t o  t l i e  c o r b o n y l  c a r b o n  v i a  a xAicerwoin- 
Ponndo  r f - V e r  l e y  t y p e  o f  t r a n s i t i o n  s t a t e  ( W. von J J o c r i n g  
and  K.V/. Young,  J .  Ajner, Chem. Soc . , 19 50 ,  7_2» 631 )  on e i t h e r  
f a c e  o f  t h e  c a r b o n y l  g r o u p  w i l l  be  r e n d e r e d  e n e r g e t i c a l l y  
u n f a v o u r a b l e  ow in g  t o  t h e  n e c e s s i t y  o f  a c c o m m o d a t i n g  t h e  
b u l k y  b u t y l  g r o u p  on t h e  s i d e  o f  t h e  j u t t i n g  p h e n y l , w h e r e a s  
f o r  t h e  R - i s o m e r s ,  o n l y  t h e  much s m a l l e r  n i t r o  and  m e t h y l  
g r o u p s  n e e d  t h u s  be  c ro w d e d .  A c c o r d i n g l y ,  t h e  S - c o n f i g u r a t i o n  
was a s s i g n e d  t o  ( - ) - I I  and  ( - f ) - I .
C o n f i g u r a t i o n a l  a s s i g n m e n t  by c o r r e l a t i o n : D i p h e n y l s .
The a b s o l u t e  c o n f i g u r a t i o n  o f  6 , 6 ' - d i n i t r o - 2 , 2 ' - d i p h o n i e  
a c i d .  I I I  and  6 , 6 ’- d i m e t h y l - 2 ,  2 ’ - d i p h e n y l d i a m i n e ,  IV,  h a v e  
b e e n  e s t a b l i s h e d  by c o r r e l a t i o n  w i t h  t h o s e  o f  t h e  known  compounds  
(K. M i s l o w ,  P* R u t k i n  and  A.K.  L a z a r u s ,  i b i d , 1 9 5 7 ,  7 9 ,  29 74 )
HO
I I I IV
( - ) - I I I  was  c o n v e r t e d  i n t o  ( - f ) - I ,  S i n c e  ( + ) - I  h a s  b e e n  shown 
t o  h a v e  t h e  S - c o n f  i g u r a t i o n , ( - ) - I I I  was a l s o  talc on a s  h a v i n g
t h e  S - c o n f i g u r a t i o n ,  ( - ) - I V  was shown t o  h a v e  t h e  S -
c o n f i g u r a t i o n  by i t s  s y n t h e s i s  f r o m  ( - ) - I I I .  q
( - ) - I I I
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M. S i e g e l  and  K. M i s l ow  ( J .  Amer . Chem. S o c . ,  1 9 5 7 ,  8 0 ,  
4 7 3 ) h a v e  u s e d  t h e  m e t h o d  o f  t h e r m a l  a n a l y s i s  ( a  m e t h o d  
i n t r o d u c e d  by J .  Timmermans R e c . t r a v . c h i m . , 19 2 9 ,  4 8 , )  
i n  t h e  c o n f i g u r a t i o n a l  i n t e r c o r r e l a t i o n  o f  o p t i c a l l y  a c t i v e  
b i p h e n y l s .  T h e s e  w o r k e r s  u s e d  S ( - ) - 6 ,  6 ’ - d i n i t r o - 2 , 2 ' - d i p i i e n i c  
a s  t h e  a b s o l u t e  s t a n d a r d  i n  t h e  c o n f i g u r a t i o n a l  i n t e r c o r r e l a t i o n  
o f  6 , 6 * - d i c h l o r o -  and  6 , 6 ’- d i m e t h y l - 2 , 2 ’- d i p h e n i c  a c i d s .
T he s d  compounds  a r e  o p t i c a l l y  s t a b l e  and  s i m i l a r l y  c o n s t i t u t e d  
No p e c u l i a r i t i e s  w e r e  o b s e r v e d  i n  t h e  t h e r m a l  a n a l y s i s  o f  
m i x t u r e s  o f  t h e s e  t h r e e  r a c e m a t e s  w i t h  t h e  c o r r e s p o n d i n g  
o p t i c a l l y  a c t i v e  f o r m s .  The p h a s e  d i a g r a m s  e x h i b i t e d  s imj^ lo  
e u t e c t i c s ,  w i t h  e v i d e n c e  o f  p a r t i a l  s o l i d  s o l u t i o n  f o r m a t i a n  
a n d  no e v i d e n c e  o f  p a r t i a l  r a c c m a t e , f o r m a t i o n  ; t h e  o n l y  
compound f o r m e d  b e t w e e n  e n a n t i o m e r i c  s p e c i e s  i s  t h e  1 : 1  r a c e m a t e  
The p h a s e  d i a g r a m s  o f  ( + ) - 6 , 6 * - d i m e t h y l - 2 , 2 ' - d i p h e n i c  
a c i d s  v s  ( + ) -  an d  ( - ) - 6 , 6 * - d i c h l o r o - 2 , 2 ’- d i p h e n i c  a c i d s ,  ( + ) -  
6 , 6 ' - d i m e t h y 1 - 2 , 2 ' - d i p h e n i c -  ^ c i d  v £  ( + ) -  an d  6 ) - d i n i t r o -
2 , 2 ' - d i p h e n i c  a c i d  and  ( + ) - 6 , 6 * - d i c h l o r o - ^ , 2 ' - d i p h e n i c  a c i d  
v s  ( - ) -  and  ( + ) -  6 , 6 ' - d i n i t r o - 2 , 2 ' - d i p h e n i c  a c i d  sho w ed  t h a t  
t h e  q u a s i - e n a n t i o m e r i c  p a i r  f o r m s  a c o n g r u e n t  a n d  p r o n o u n c e d  
1 : 1  compound ( q u a s i - r a c e m a t e ) w h i l e  t h e  o t h e r ,  c o n f i g u r a t i o n a l l y  
r e l a t e d  p a i r ,  e x h i b i t s • c o n t i n u o u s  s o l i d  s o l u t i o n  f o r m a t i o n .
From t h e s e  r e s u l t s ,  t h e  a b o v e  w o r k e r s  c o n c l u d e d  t h a t  ( + ) - 6 , 6 ' -
/ / 7
d i i n e i l i y l - ,  ( - ) - 6 ,  6 ’ - d i c l i l o r o -  and  ( - ) - 6 ,  6 ’ - d i n i t r o - 2 ,  2 ’ -  
d i p h e n i c  a c i d s  h a v e  t h e  same c o n f i g u r a t i o n .  A c c o r d i n g l y  
( - f ) - 6 ,  6 ' - d i m e t h y l -  and  ( - ) - 6 ,  6 ' - d i c h l o r o - 2 ,  2 ' - d i p h e n i c  a c i d s  
h a v e  t h e  S - c o n f i g u r a t i o n ,
The m e t h o d  6 f  t h e r m a l  a n a l y s i s  was a l s o  s u c c e s s f u l l y  
a p p l i e d  t o  t h e  s e r i e s  o f  2 , 2 ' - % ^ ^ 0 % ^ d ^ r ^ x y m t M l ÿ f ^ - b i p h e n y l $  ^
The r e s u l t s  o b t a i n e d  f rom t h e r m a l  a n a l y s i s  w e r e  
c o n f i r m e d  by t h e  m e t h o d  o f  c h e m i c a l  c o r r e l a t i o n s  ( F. A.
McGinn,  A . K . L a z a r u s ,  M . S i e g e l ,  J . E . R i c c i  a nd  K. M i s l o w ,
J ,  Amer . Ch em. So c . , 1957 ,  8_0, 4 7 6 ) .  T h i s  was a c h i e v e d  
by t r a n s f o r m a t i o n  o f  6 , 6 ' - d i n i t r o - 2 , 2 ' - d i p h e n i c  a c i d  i n t o  
6 , 6 ' - d i m e t h y l - 2 , 2 ' - b i p h e n y l d i a m i n e  and  c o n v e r s i o n  o f  t h e  
l a t t e r  i n t o  6 ,  6 ’ - d i  c h l o r o -  and  6, '6 ' - d i  c y a n o - 2 , 2 ’ - d i m e t h y l -  
b i p h e n y l  w h i c h  w e r e  a l s o  o b t a i n e d  f r om  6 , 6 ' - d i c h l o r o -  an d  
6 , 6 ' - d i m e t h y l - 2 , 2 ' - d i p h e n i c  a c i d  r e s p e c t i v e l y .  The a b s o l u t e  
c o n f i g u r a t i o n  o f  t h e  r e l a y  compound , 6 , 6 ' - d i m e t h y l - 2 ,  2 ' -  
b i p h e n y l d i a m i n e ,  h a d  a l r e a d y  b e e n  e s t a b l i s h e d  (K, M i s l o w ,
P .  R u t k i n  and  A . K . L a z a r u s ,  l o c . c i t . )
C o n f i g u r a t i o n a l  a s s i g n m e n t  f r om f i r s t  p r i n c i p l e s  t o  1 , 1 ' -
b i n a p h t h y l s : c h e m i c a l  c o r r e l a t i o n s .
D e t e r m i n a t i o n  o f  t h e  a b s o l u t e  c o n f i g u r a t i o n  by  a s y m m e t r i c  
M e e r w e i n -  P o n n d o r f -  V e r l e y  r e d u c t i o n  was a l s o  a p p l i e d  t o  
r e s t r i c t e d  1 , 1 ' - b i n a p h t h y l s  (K, M i s l o w  an d  P . A . C r a s e m a n n ,  
i b i d . , 19 58 ,  8 0 ,  6036 )
I n  a s e q u e n c e  o f  t r a n s f o r m a t i o n s ,  s t a r t i n g  w i t h  ( -h)-  
IX,  t h e r e  was o b t a i n e d ,  i n  o r d e r ,  ( + ) - X ,  ( - ) - X I ,  ( + ) - X I l
a n d  ( - ) - X I I I .  ( + ) - I X  a l s o  g a v e  ( - ) - V I I I .
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A l l  t h e s e  h a v e  t h e  R-  c o n f i g u r a t i o n .
The r a c e m i c  b r i d g e d  b i n a p h t h y l  k e t o n e  X I I  was  r e d u c e d  
by  ( S ) ( + ) - 2 - o c t a n o l  i n  t h e  p r e s e n c e  o f  AI ( t - B u O ) ^  a n d  t h e  
a l c o h o l  ( - ) - X I I I  was p r o d u c e d  a n d  ( - ) - X I I  l e f t .  T h e s e  
two compounds  a r e  t h e r e f o r e  o f  o p p o s i t e  c o n f i g u r a t i o n s .
F o l l o w i n g  t h e  a r g u m e n t s  p r e v i o ù s l y  u s e d  (P .  Neuman,
P.  R u t k i n  and  K, M i s l o w ,  l o c . c i t . ) t h e  a u t h o r s  a s s i g n e d  
t h e  S - c o n f i g u r a t i o n  t o  ( - ) - X I I ,  t h e  u n r e a c t e d  k e t o n e ,  and  
t h e  R - c o n f i g u r a t i o n  t o  ( - ) - X I I I ,  t h e  p r o d u c e d  a l c o h o l  ; ( + ) -
I X,  t h e  s y n t h e t i c  p r e c u r s o r  o f  ( - ) - X I I I  a s  w e l l  a s  t o  t h e  
s t r u c t u r a l l y  s y m m e t r i c a l  d e r i v a t i v e s  o f  ( + ) - I X ,  i n c l u d i n g  ) 
( - ) V I I I .
T h e s e  r e s u l t s , a s  w e l l  a s  t h o s e  d e s c r i b e d  e a r l i e r  
( p .  Newman, P .  R u t k i n  an d  K. M i s l o w ,  l o c . c i t . ) f u r n i s h e d
M S
an  e x p e r i m e n t a l  t e s t  f o r  t h e  e x p l i c i t  a s s u m p t i o n  t h a t  
t h e  n a t u r e  o f  t h e  b l o c k i n g  s u b s t i t u e n t  i n  t h e  b i a r y l  h a s  
a n e g l i g i b l e  e f f e c t  on  t h e  d i r e c t i o n  and  s t e r e o s p o c i f i c i t y  
o f  t h e  a s y m m e t r i c  r e d u c t i o n ,  a n d  t h a t  t h e  c o r r e l a t i o n  
met l iod  i s  t h e r e f o r e  a  g e n e r a l l y  a p p l i c a b l e  o n e ,
I t  was e x p e c t e d  t h a t  t h e  m e t h o d  ô f  t h e r m a l  a n a l y s i s  Awth-a-d 
c o u l d  be  u s e d  i n  t h e  a s s i g n m e n t  o f  a b s o l u t e  c o n f i g u r a t i o n  
t o  t h e  s e r i e s  o f  2 , 2 ' - s u b s t i t u t e d  1 , 1  *- b i n a p h t h y l s . The 
p h a s e  b e h a v i o u r  o f  m i x t u r e s  o f  ( - ) - 2 , 2 ' - b i s - ( h y d r o x y m e t h y l ) -  
1 , 1 ' - b i n a p h t h y l  w i t h  ( + ) -  and  ( - ) - 6 , 6 ' - d i m e t h y l - 2 , 2  
b i s - ( h y d r o x y m e t h y l ) - b i p h e n y l  was  i n v e s t i g a t e d  a n d  i t  was  
f o u n d  t h a t  t h e  p h a s e  d i a g r a m s  a r e  i n d i s t i n g u i s h a b l e ,  s i m p l e  
e u t e c t i c s  b e i n g  f o r m e d  i n  b o t h  c a s e s .  Hence  t h e  d i f f e r e n c e  
i n  s t r u c t u r e s  and  g e o m e t r y  o f  t h e s e  compounds  a p p a r e n t l y  
l i m i t  t h e  a p p l i c a b i l i t y  o f  t h i s  m e t h o d ,  w h i c h  u n f o r t u n a t e l y  
p r o v e s  n o t  t o  be  o f  any  u s e  i n  t h e  1 , 1 ' - b i n a p h t h y l s .
O p t i c a l  D i s p l a c e m e n t  P r i n c i p l e s
D . D . F i t t s , M. H e i g e l  an d  K . M i s l o w  ( J .  Amor.  Chem.
S o c . ,  1 9 5 8 ,  8 £ ,  4 8 3 )  p r o p o s e d  a  g e n e r a l  o p t i c a l  d i s p l a c e m e n t  
r u l e  w h i h h  a l l o w s  a b s o l u t e  c o n f i g u r a t i o n a l  a s s i g n m e n t s  i n  
t h e  b i a r y l  s e r i e s  on  t h e  b a s i s  o f  c h a r a c t e r i s t i c  r o t a t i o n  
s h i f t s  a c c o m p a n y i n g  2 , 2 ' - b r i d g e  f o r m a t i o n .  They  i n v e s t i g a t e d  
t h e  p o s s i b i l i t y  t h a t  l i k e  s h i f t s  i n  r o t a t i o n  i n  r e l a t e d  
d e r i v a t i v e s  o f  b i a r y l s  h a v i n g  t h e  same c o n f i g u r a t i o n  m i g h t  
c o n s t i t u t e  t h e  b a s i s  f o r  a c o r r e l a t i o n  a k i n  t o  F r e u d e n b e r g ' s 
D i s p l a c e m e n t  R u l e  i n  t h e  c e n t r a l l y  a s y m m e t r i c  s e r i e s  o f  
o p t i c a l l y  a c t i v e  compounds  (K« F r e u d e n b e r g  i n  " S t o r e o c h o m i e "
I z o
F r a n z  D e u t i c k e ,  L e i p z i g ,  19 3 3 ,  6 9 9 ) .
By u s i n g  t h e  p o l a r i z a b i l i t y  t h e o r y  o f  o p t i c a l  a c t i v i t y ,  
t h e  a u t h o r s  a s s i g n e d  t h e  S - c o n f i g u r a t i o n  t o  ( + ) - 9 , 1 0 - d i h y d r o -
5
y ^3 , 4 ,  5 , 6 - d i b e n z o p h e n a n t h r e n e ,  V I I I ,  S y n t h e t i c  p r e c u ^ r  ( - ) - I X  
t h e r e f o r e  a l s o  h a d  t h e  S - c o n f i g u r â t i o n .  T h i s  was  c o n f i r m e d  
by t h e  m e t h o d  o f  c h e m i c a l  c o r r e l a t i o n  ( a l r e a d y  d e s c r i b e d ,
K.Mi s l o w  and P .  A. G r a s e m a n n ,  l o c . £ Ü .  , ) .
The a u t h o r s  e x a m i n e d  t h e  r o t a t i o n s  o f  some 2 , 2 ' - b r i d g e d  
b i a r y l s  o f  known c o n f i g u r a t i o n .  A l l  b r i d g e d  compo un ds  
p r e p a r e d  f r o m  S ( - ) ^ 6 , 6 ' - d i n i t r o -  a nd  S ( - ) - 6 , 6 *- d i c h l o r o - 2 , 2 ’-  
d i p h e n i c  a c i d s  a r e  more  s t r o n g l y  d e x t r o r o t a t o r y  t h a n  t h e  
p a r e n t  a c i d s .  The b r i d g e d  compounds  p r e p a r e d  f r o m  S ( + ) - 6 , 6 * -  
d i m e t h y l - 2 , 2 ' - d i p h e n i c  a c i d  a r e  c o n s i d e r a b l y  more  d e x t r o r o t a t o r y  
t h a n  t h e  p a r e n t  a c i d  and  m o s t  o f  i t s  u n b r i d g e d  d e r i v a t i v e s .
They a n t i c i p a t e d  t h a t  t h e  c h a n g e  f r o m  an o p e n  t o  a b r i d g e d  
s y s t e m ,  i n v o l v i n g  a s  i t  m u s t  a d r a m a t i c  c h a n g e  i n  Q ( t h e  
i n t e r p l a n a r  a n g l e )  m i g h t  be  r e f l e c t e d  i n  a c h a r a c t e r i s t i c  
m a n n e r  i n  t h e  s i g n  and  m a g n i t u d e  o f  t h e  o p t i c a l  r o t a t i o n .
They t h e r e f o r e  p r o p o s e d  t h e  g e n e r a l  O p t i c a l  D i s p l a c e m e n t  R u l e  
t h a t  " a  s y m m e t r i c a l l y  s u b s t i t u t e d  h i n d e r e d  b i a r y l  h a s  t h e  
S - ( r e s p .  R - )  c o n f i g u r a t i o n  i f ,  i n  g o i n g  f r o m  an o p e n  t o  a 
b r i d g e d  s y s t e m ,  t h e  o p t i c a l  a c t i v i t y  s u f f e r s  a mar l^ed s h i f t  
i n  t h e  p o s i t i v e  ( r e s p .  n e g a t i v e )  d i r e c t i o n " .  The r u l e  was  a l s o  
a p p l i e d  t o  r e s t r i c t e d  2 , 2 ' - b i a r y l d i a m i n e s , a n d  i t  was  f o u n d  
t h a t  compounds  t h e  R - c o n f i g u r a t i o n  g a v e  b r i d g e d  b i a r y l s  
t h a t  a r e  more  1 e v o r o t a t o r y .
( Z i
Use  o f  t h e  C o t t o n  E f f e c t  t o  r e l a t e  unkno wn  t o  known c o n f i g u r a t i o n s
K, M i s l o w  (Angew. Ch em, , '  1 9 5 8 ,  7 0 ,  683 )  r e c o g n i s e d  t n a t  
s c r u t i n y  o f  o p t i c a l  r o t a t o r y  d i s p e r s i o n s  w o u l d  be  l i k e l y  t o  
f u r n i s h  c o r r e l a t i v e  i n f o r m a t i o n  o f  g r e a t e r  g e n e r a l  s i g n i f i c a n c e .  
The u s e f u l n e s s  o f  O .R .D ,  i n  t h i s  c o n n e c t i o n  h a d  b e e n  e s t a b l i s h e d  
by C, D j e r a s s i  ( O p t i  c a l  R o t a t o r y  D i s p e r s i o n . M c G r a w - H i l l  Do ok 
C o . ,  I n c . ,  New Y o r k ,  N.Y.  I 9 6 0 )  who t h r o u g h  a s e r i e s  o f  
b r i l l i a n t  r e s e a r c h e s ,  h a d  b e e n  a b l e  t o  d e m o n s t r a t e  t h a t  t h e  
s i g n  a nd  s h a p e  o f  an O .R .D .  c u r v e ,  p a r t i c u l a r l y  o f  a  C o t t o n  
e f f e c t ,  s i g n i f i c a n t l y  r e f l e c t  t h e  s t e r e o c h e m i s t r y ,  i n c l u d i n g  
a b s o l u t e  c o n f i g u r a t i o n ,  o f  t h e  i m m e d i a t e  e n v i r o n m e n t  o f  t h e  
o p t i c a l l y  a c t i v e  c h r o m o p h o r e .  T h e s e  i n v e s t i g a t i o n s  w e r e  
m a i n l y  c o n c e r n e d  w i t h  k e t o n e s  s i n c e  o p t i c a l l y  a c t i v e  k e t o n e s  
o f  known a b s o l u t e  c o n f i g u r a t i o n  a r e  a b u n d a n t l y  a v a i l a b l e  
f r o m  n a t u r a l  s o u r c e s ,  and  t h e  r e g i o n  o f  t h e  c a r b o n y l  n —  %  ^
t r a n s i t i o n s  ( n e a r  290mp) i s  o f  l ow e x t i n c t i o n  and  t l i u s  
s p e c t r o p o l a r i m e t r i c a l l y  p e n e t r a b l e .  T h i s  work  l e d  t o  t h e  
f o r m u l a t i o n ,  f r o m  sy m m et r y  p r i n c i p l e s ,  o f  t h e  O c t a n t  r u 1 e 
w h i c h  r e l a t e s  t h e  s i g n  and  a m p l i t u d e  o f  t h e  C o t t o n  e f f e c t  
e x h i b i t e d  by s a t u r a t e d  k e t o n e s  t o  t h e  d i s p o s i t i o n  o f  a t o m s  
i n  s p a c e  a b o u t  t h e  c a r b o n y l  g r o u p s  o f  t h e  k e t o n e s  ( i . e .  t h e  
r e l a t i o n s h i p )  b e t w e e n  t h e  a b s o l u t e  c o n f i g u r a t i o n  o r  c o n f o r m a t i o n  
o f  t h e  p e r t u r b i n g  e n v i r o n m e n t  a n d  t h e  s i g n  o f  t h e  c a r b o n y l  
n —  C o t t o n  e f f e c t ) .  The r u l e  s t a t e s  t h a t  " t h e  s i g n  o f  
t h e  c o n t r i b u t i o n  w h i c h  a g i v e n  a tom a t  p o i n t  P ( x ,  y , z )  mail e s  
t o  a n o m a l o u s  r o t a t o r y  d i s p e r s i o n  w i l l  v a r y  a s  t h e  s i m p l e
p r o d u c t ,  X.  y .  z o f  i t s  c o o r d i n a t e s  (W. M o f f i t t ,  R . D. V.'codward,
A. M o s c o w i t z ,  Y. K l y n e  and  C. D j e r a s s i ,  J .  Arnor. Chem. S o c . ,
1 9 5 8 ,  8 2 ,  4 0 1 3 ) .
K. M i s l o w ,  M.A.W. G l a s s ,  R . E .  O ' B r i e n ,  P.  R u t k i n ,  D. I i .  
S t e i n b e r g ,  J .  W e i s s  and  C. D j e r a s s i  ( J .  A u e r . C h c r n . S o c . ,
1 9 6 2 ,  19 55 )  i n i t i a t e d  an  i n v e s t i g a t i o n  o f  t h e  O . R . D .  o f
b i p h e n y l s .  S p e c t r a l  ( u l t r a v i o l e t  an d  O . R . D . )  i n f o r m a t i o n  
was g a t h e r e d  f o r  a s e r i e s  o f  s u i t a b l y  s u b s t i t u t e d  b i a r y l s  
who se  a b s o l u t e  c o n f i g u r a t i o n a l  a s s i g n m e n t s  h a d  b e e n  d o n e  by 
o t h e r  m e t h o d s  o r  c o u l d  be  i n f e r r e d  f r om  t h o s e  o f  s t a r t i n g  
m a t e r i a l s .
The O . R .D .  c u r v e s  a r e  f o u n d  t o  be  depDondent  on  c o n f o r m a t i o n  
a n d  c o n f i g u r a t i o n .  The c h a n g e  f r o m  op e n  t o  2 , 2 ' - b r i d g e d  
s e v e n - m e m b e r e d  r i n g  b i a r y l s  g i v e  r i s e  t o  c h a r a c t e r i s t i c  
c h a n g e s  i n  O .R . D .  w h i c h  a r e  i n t e r p r e t e d  a s  r e f l e c t i n g  c h a n g e s  
i n  c o n f o r m a t i o n .  ' I n  t h e  2 , 2 ' - d i n i t r o b i p h e n y l s  b r i d g i n g  r e s u l t s  
i n  a r e v e r s a l  o f  t h e  s i g n  o f  t h e  C o t t o n  e f f e c t  w h i c h ,  t o g e t h e r  
w i t h  t h e  r e d - s h i f t  o f  t h e  B - b a n d  ( l o n g - w a v e  b a n d ) ,  i s  t a i ^ en  t o  
s i g n a l  a c h a n g e  i n  t h e  i n t e r p l a n a r  a n g l e .
W i th  2 , 2 ' - d i m e t h y l -  a nd  2 , 2 ' - d i c h l o r o b i p h e n y l s , b r i d g i n g  
g i v e s  r i s e  t o  a p p e a r a n c e  o f  h i g h - a m p l i t u d e  C o t t o n  e f f e c t s  
c e n t r e d  a t  t h e  b i p h e n y l  c o n j u g a t i o n  b a n d .  I t  was  a l s o  
d e m m n s t r a t e d  t h a t  t h e  p D o s i t i o n  o f  t h i s  C o t t o n  e f f e c t  c h a n g e s  
w i t h  c h a n g e  o f  0 .
I n  t h e  1 , 1 ' - b i n a p h t h y l s , t h e  c h a n g e  f r o m  ( a )  u n b r i d g e d  t o  
( b )  s e v e n - m e m b e r e d  r i n g  b r i d g e d  t o  ( c )  s i x - m e m b e r e d  r i n g  b r i d g e d  
1 , 1 ' - b i n a p h t h y l  i s  a c c o m p a n i e d  by  an  e n h a n c e m e n t  i n  a m p l i t u d e
I c.
o f  t h e  O . R . D .
I'or e a c h  s e t  o f  t h e s e  comp)oi inds, two o r  t h r e e  C o t t o n  
e f l ' e c t s  w e r e  o b s e r v e d ,  c o r r e s p o n d i n g  t o  v a r i o u s  g r o u p s  o f  
b a n d s  i n  t h e  u l t r a v i o l e t  s p e c t r u m .  The C o t t o n  e f f e c t s  a t  
s h o r t e r  w a v e l e n g t h s  ha d  h i g h e r  a m p l i t u d e s .  I t  was  f o u n d  
t h a t  t h e  a b s o l u t e  c o n f i g u r a t i o n  u n i q u e l y  d e t e r m i n e s  t h e  s i g n  
o f  e a c h  C o t t o n  e f f e c t .  The s i g n  o f  s e v e r a l  C o t t o n  e f f e c t s  
i n  e a c h  O . R . D .  c u r v e  w e re  u s u a l l y  n o t  t h e  s ame ,  so t h a t  t h e  
t r a n s i t i o n  ( o r  b a n d  g r o u p )  a s s o c i a t e d  w i t h  t h e  p a r t i c u l a r  
C o t t o n  e f i o c t  h a d  t o  be  s p e c i f i e d  f o r  t h e  p u r p o s e  o f  
c o n f i g u r a t i o n a l  a s s i g n m e n t .  A c c o r d i n g l y ,  t h e  a u t h o r s  
s u m m a r i s e d  t h e  r e s u l t s  a s  f o l l o w s :  F o r  2 , 2 ' - b r i d g e d  b i a r y l s  
h a v i n g  t h e  R - c o n f i g u r a t i o n ,  t h e  s i g n  o f  t h e  l o n g - w a v e  C o t t o n  
e f f e c t  i s  n e g a t i v e  f o r  6 , 6 ' - d i n i t r o - d e r i v a t i v e s , p o s i t i v e  f o r  
6 , 6 ' - d i m e t h y l -  a n d  6 , 6  *- d i c h l o r o -  d e r i v a t i v e s  a n d  1 , 1 ' -  
b i n a p h t h y l s . The l o n g  w a v e l e n g t h  C o t t o n  e f f e c t  o f  t h e  
2 , 2 ' - b r i d g e d  b i a r y l s  i s  g e n e r a l l y  a c c o m p a n i e d  by  a C o t t o n  
e f f e c t  a t  s h o r t e r  w a v e l e n g t h ,  o f  o p p o s i t e  s i g n  a n d  g r e a t e r  
a m p l i t u d e ,  w h i c h  o f t e n  d o m i n a t e s  t h e  s i g n  o f  r o t a t i o n  i n  t h e  
v i s i b l e .
/a.4
P r o s c u t  work and  r e s u l t s :
T i l l s  work  was do n e  i n  o b d e r r t o  a s s i g n  a b s o l u t e  
c o n f i g u r a t i o n s  t o  t h e  f o l l o w i n g  1 , 1 ' - b i n a p h t h y l s  a n d  t o  
s e e  t h e  e f f e c t  t h e  s u b s t i t u e n t s  a n d  t h e i r  p o s i t i o n s  i n  t h e  
b i n a p h t h y l  s y s t e m ,  h a v e  on  t h e  a b s o l u t e  c o n f i g u r a t i o n s  o f  
t h e  1 , 1 ’- b i n a p h t h y l  s y s t e m .
K V i
XVM
OJR.D. a n d  C.D.  c u r v e s  w e r e  o b t a i n e d  u s i n g  t h e  P o l a r r n a t i c  
62 o p e c t r o p C o l a r i m e t e r  and  t h e  J o u a n  D i c h r o g r a p h  r e s p e c t i v e l y .  
M e t h a n o l  was  u s e d  a s  t h e  s o l v e n t  i n  b o t h  c a s e s .
The r e s u l t s  a r e  shown i n  F i g u r e s  I  -  X.
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O p t i c a l  R o t a t o r y  D i s p e r s i o n  r e s u l t s  
TABLE I
Compouncl ( w i t h  ' M o l e c u l a r  r o t a t i o n s
a s s i g n e d  c o n f i g u r a t i o n )
s - ( + )■-XVI W 230 + 1 2 ,7 0 0 ; ^ M 219
— 9 5 , 0 0 0 .
s - (-)■-XV - 5 6 , 2 ^ 0 ; [ x ] 256 — 8 , 4 8 0  ; W 248 • 4 8 , 750
- 4 6 9 , 0 0 0 ; M 217 + 3 0 , 7 0 0
R- ( + )•-XV E L 75
— 5 6 , 2 0 0 ; [ x l 258 + 7 , 4 0 0 ; [4 ^ 2 4 8 ■ 45 , 900
+ 2 8 1 , 0 0 0 ; [ x ] 217 1 9 7 , 0 0 0
S- ( + )•-XVI [^^253 + 1 5 , 9 0 0 ; [X] 236 — 8 9 , 5 0 0 ; [ / ] 221 + 22 , 1 0 0
R- (-)■-XVI 1 / ^ 2 5 5 — 1 5 , 7 0 0 ; Lx] 236 + 7 8 , 5 0 0 ; [ / ] 221 -  23 , 6 0 0
S—(+)■-XVII Lx] 235 + 2 7 , 2 0 0 ; [ / ] 222 109 , 0 0 0
R- ( - ) ' -XVII 1^^286 0 [ x l 235 — 2 6 , 8 0 0 ; [ / J 226 + 10 , 2 0 0
S- (4) .-XVIII M 236 + 4 1 , 5 0 0 ; [ / I 226 1 8 4 , 0 0 0 ;
R- ( - ) ' - X V I I I L^^236 - 3 3 , 0 0 0 ; [ x ] 228 + 8 7 , 0 0 0
T he se  compounds  we re  p r e p a r e d  f rom o p t i c a l l y  a c t i v e  
1 , 1 * - b i n a p h t h y l - 8 , 8 ' - d i c a r b o x y l i 0  a c i d ,  and  t h e y  a r e  o p t i c a l l y  
l a b i l e .  They a r e ,  t h e r e f o r e ,  n o t  o p t i c a l l y  p u r e .  Hence  t h e  
m o l e c u l a r  r o t a t i o n s  o f  tiyo o p t i c a l  i s o m e r s  a r e  n o t  e q u i v a l e n t .
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TAULE I I 
C i r c u l a r  D i c h r o i s m  r e s u l t s  
Compound . M o l e c u l a r  E l l i p t i c ! b y
S - (  + ) -XIV ^ * ^ 5 4  + 7 ' 2
S - ( - ) - X V  + 3 2 . 4
R_( + )_XY ^ ^ 2 9 0  *^260  "  3 2 . 0
S_(  + )_XVI ~ '^*^300 “  3 1 . 0
U_(_)_XVI C*^*- ^ " ^ 3 0 0  + 3.2.5
S - (  + ) -XVI I  ^ ^ ‘■ ' ^ “^280 "  7 3 . 5
R_{_)_XVI I  “ ^ ^ 2 8 0  + 7 0 . 0  2
S - (  + ) - X V I I I  ' ” '^ '*^318 "  4 0 . 1 ; l 3 -  ^2.16 ~
R _ ( _ ) _ X V I I I  "^^318'■*■ 3 9 . 3 ; [ f  + 7 2 . 1
^  C o n T i g u r a t i o n B  a s  a s s i g n e d  f r o m  ORD c u r v e s
f 52.
D i s c u s s i o n ; Âss iR i imoni s  r e l a t e d  t o  p r e v i o u s  w o r k .
The co mp lex  a b s o r p t i o n  s p e c t r a  o f  u n b r i d g e d  1 , 1  ' - b i n a p h t i i y l s  
a r e  d o m i n a t e d  by maxima a t  285 and  a b o u t  230mp ( a s  c a n  be  
o b s e r v e d  f rom t h e  u l t r a v i o l e t  s p e c t r a l  work a l r e a d y  d i s c u s s e d  
and  r e s u l t s  o b t a i n e d  By V , L . F r a m p t o n ,  J . D . E d w a r d s  J r . ,  and  
Henze ,  J .  Amer . Uliem. o o c ♦ , 1948 ,  70 ,  2 2 8 4 ) .
C o r r e s p o n d i n g l y ,  K. Mi s lo w ,  M , A . W . G l a s s ,  R .E ,  0 ' B r i a n  
P.  R u t k i n ,  D . H . S t e i n b e r g ,  J .  We i ss  and  C, D j e r a s s i  ( l o c , c i t . ) 
o b s e r v e d  t h a t  t h e  complex  O.R .D .  c u r v e s  o f  t h e s e  compounds  
a r e  d o m i n a t e d  by C o t t o n  e f f e c t s  ceni/T^tJ . a t  285 and  b e l o w  
250mp r e s p e c t i v e l y .  I n  a l l  c a s e s  a p o s i t i v e  2 8 5mp C o t t o n  e f f e c t  
was talc en t o  c o r r e s p o n d  t o  t h e  R - c o n f  i g u r a t i o n .
I n  c o n t r a s t  t h e  O.R.D.  c u r v e s  o f  1 , 1 ' - b i n a p h t h y l s  
b r i d g e d  by a t h r e e  atom c h a i n  i n  t h e  2 , 2 ' - p o s i t i o n s  h a v e  
a b s o r p t i o n  s p e c t r a  d o m i n a t e d  by maxima a t  220 ,  232 and  306mp.  
T h e r e  i s  a r e d  s h i f t  i n  t h e  O.R .D .  c u r v e s  w h i c h  now h a v e  two 
C o t t o n  e f f e c t s  o f  o p p o s i t e  s i g n ,  c e n t e r e d  n e a r  300 and  b e l o w  
240mp.  A p o s i t i v e  300mp C o t t o n  e f f e c t  was t a k e n  t o  c o r r e s p o n d  
t o  t h e  R - c o n f i g u r a t i n n ;
From t h e  p r e s e n t  work ,  i t  i s  o b s e r v e d  t h a t  o n l y  1 , 1 ' -  
b i n a p h t h y l s  w i t h  s u b s t i t u e n t s  t h a t  a r e  c h r o m o p h o r i c  ( e . g .
CO^CH^) g i v e  m u l t i p l e  C o t t o n  e f f e c t  c u r v e s .  Thus d i m e t h y l
1 , 1  * - b i n a p h t h y l - 8 , 8 ' - d i c a t b o x y l a t e  h a s  two p e a l t s  a t  275 
and  240mp and  two t t o u g h s  a t  256 and  231rap. Wi th  s u b s t i t u e n t s  
t h a t  a r e  n o t  c h r o m o p h o r i c  ( e . g .  -C H ^ ) ,  t h e  c u r v e s  h a v e  a 
s i n g l e  C o t t o n  e f f e c t  b e lo w  250mp,  Hence  t h e  C o t t o n  e f f e c t s
a»
b e l o w  250mp h a v e  t o  be  talc en i n t o  c o n s i d e r a t i o n  i n  t h e
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c o n f i g u r a t i o n a l  c o r r e l a t i o n  o f  t h e  1 , 1 ’- b i n a p h t h y l s  d i s c u s s e d  
h e r e i n .
K. Mi s low  and P.  A. Gra seman ( l o c .  c i t . )  h a s  a s s i g n e d
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t h e  S - c o n f i g u r a t i o n  t o  ( + ) - 9 , l O - d i h y d r o - 3 , 4 - 5 , 6 - d i b e n i o p h e n a ^ h r e n e  
and  i t s  p a r e n t  compound ( - ) - l , 1 ’- b i n a p h t h y l - 2 , 2 ' - d i c a r b o x y l i c  
a c i d .  T h i s  was a l s o  c o n f i r m e d  by a p p l i c a t i o n  o f  t h e  O p t i c a l  
D i s p l a c e m e n t  p r i n c i p l e  ( D . M . F i t t s ,  M , S i e g e l  and  K . M i s l o w ,  
l o c . c i t . ) The S - c o n f i g u r a t i o n  was a l s o  a s s i g n e d  t o  ( + ) -  
2 , 2 ' - d i m e t h y l - 1 , 1  ' - b i n a p h t h y l  d e r i v e d  f rom S -  ( - ) - ! ,  1 ' -  
b i n a p h t h y l - 2 , 2 ' - d i c a r b o x y l i c  a c i d .
The c o n f i g u r a t i o n  a s s i g n m e n t  o f  t h e  1 , 1 ' - b i n a p h t h y l s  
d i s c u s s e d  h e r e i n  i s  b a s e d  on t h o s e  o f  ( + ) - 2 , 2  ' - d i r n e t h y l -  
1 , 1 ' - b i n a p h t h y l  (K. Mi s low  and  P . A .  Gra seman ,  l o c . c i t . ) and  
1 , 1 ' - b i n a p h t h y l  ( a u t h o r ' s  work )  i t s e l f .  The O .R .D .  c u r v e  o f  
( + ) - l , 1 ' - b i n a p h t h y l  h a s  one  C o t t o n  e f f e c t  w i t h  maximum and 
minimum a t  230 and  219mp r e s p e c t i v e l y .
With  t h e  ( + ) - d i m e t h y l  1 , 1 ' - b i n a p h t h y l s  i t  i s  f o u n d  t h a t  
t h e  O.R.D.  c u r v e s  a r e  s i m p l e  and  r e s e m b l e  t h a t  o f  ( - f ) - l , l ' -  
b i n a p h t h y l .  T h i s  i n d i c a t e s  t h a t  t h e  -CH^ g r o u p s  do n o t  
a f f e c t  a b s o l u t e  c o n f i g u r a t i o n  o f  t h e  1 , 1 ' - b i n a p h t h y l  s y s t e m .
I t  i s  o b s e r v e d  t h a t  t h e  O.R.D.  c u r v e  o f  ( + ) - 2 , 2 ' - d i m e t h y l -  
1 ,  1 ' - b i n a p h t h y l  r e s e m b l e s  t h a t  o f  1 , 1 ' - b i n a p h t h y l , and  
( - f ) - 8 , 8 ' - d i m e t h y l - 1 , 1 ' - b i n a p h t h y l  i n d i c a t i n g  t h a t  t h e y  a l l  
h a v e  t h e  same S - c o n f i g u r a t i o n ,  an d  t h a t  t h e  p o s i t i o n s  o f  t h e  
m e t h y l  g r o u p s  e i t h e r  i n  t h e  2 , 2 ' -  o r  8 , 8 ' -  p o s i t i o n s  i n  
t h e  1 , 1 ' - b i n a p h t h y l  s y s t e m  h a v e  no e f f e c t  on t h e  t o t a l  
a b s o l u t e  c o n f i g u r a t i o n  o f  t h e  w h o l e  s y s t e m .  I t  i s  al^To 
s e e n  t h a t  t h e  a r o m a t i c  c h ro m o p h o r e  i n  t h e s e  compounds  h a s
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a p o s i t i v e  C o t t o n  e f f e c t  w i t h  a p e a k  a b o u t  236mp an d  t r o u g h  
a t  225mp.
( + ) - 8 , 8 ' - B i s b r o m o m e t h y l - 1 , 1 ' - b i n a p h t h y l , f r om  w h i c h  
S - ( + ) - 8 , 8 ' - d i m e t h y l - 1 , 1 ' - b i n a p h t h y l  was p r e p a r e d ,  s h o u l d  a l s o  
h a v e  t h e  S - c o n f i g u r a t i o n .  The a r o m a t i c  c h r o m o p h o r e  h a s  a 
p o s i t i v e  C o t t o n  e f f e c t  w i t h  a p e a k  a t  255mp and  t r o u g h  a t  
2 3 9 mp and t h e  l o n g - w a v e  maximum a t  253mp.  T h i s  r e d  s h i f t  
a l l o w s  t h e  a p p e a r e n c e  o f  t h e  s h o r t - w a v e  C o t t o n  e f f e c t  a t  221mp.
( - ) - D i m e t h y 1 - 1 , 1 ' - b i n a p h t h y l - 8 , 8 ' - d i c a r b o x y l a t e  f r om 
w h i c h  t h e  a bo v e  compounds  w e r e  p r e p a r e d  s h o u l d  a l s o  h a v e  t h e  
S - c o n f i g u r a t i o n .  I t s  O .R.D,  c u r v e  shows two d i s t i n c t  C o t t o n  
e f f e c t s  ( w i t h  maxima a t  275 and  248mp,  and  m in i m a  a t  256 
and  2 3 I m p , t h a t  a t  231 and 248mp b e i n g  due  t o  t h e  a r o m a t i c  
chromop}>ore.  The s e c o n d  l o n g - w a v e  C o t t o n  e f f e c t  i s  s i m p l e  
and  can  be due  t o  t h e  -COOCH^ i n t e r a c t i n g  w i t h  t h e  a s y m m e t r i c  
c h r o m o p h o r e  ( a r o m a t i c ) .  The f a c t  t h a t  i t  i s  a s i n g l e  C o t t o n  
e f f e c t  s u g g e s t s  t h a t  t h e  -COOCH^ g r o u p s  a r e  i n  e q u i v a l e n t  
e n v i r o n m e n t s ,  o r  t h a t  t h e  C o t t o n  e f f e c t s  o v e r l a p  i n  s u c h  a 
way t h a t  t h e y  a r e  i n d i s t i n g u i s h a b l e .
( t ) - D i m e t h y l - l , 1 ' - b i n a p h t h y l - 8 , 8 ' - d i c a r b o x y l a t e  a n d  i t s  
s y n t h e t i c  p r e c u r s o r ,  t h e  ( + ) - 8 , 8 ' - d i a c i d  and  t h e  compounds  
p r e p a r e d  f rom i t ,  ( - ) - 2 , 2 ' - d i m e t h y l - 1 , 1 ' - b i n a p h t h y l  p r e p a r e d  
f rom  R - ( + ) - l , 1 ' - b i n a p h t h y l - 2 , 2 ' - d i c a r b o x y l i c  a c i d  t h e r e f o r e  
h a v e  t h e  R - c o n f i g u r a t i o n .  The a r o m a t i c  c h r o m o p h o r e  h a s  a 
n e g a t i v e  C o t t o n  e f f e c t  i n  t h e  same r e g i o n  a s  t h a t  o f  t h e  a b o v e  
compoun ds .  Howeve r ,  m o l e c u l a r  r o t a t i o n s  o f  t h e s e  compounds  
do n o t  c o r r e s p o n d  w i t h  t h o s e  o f  t h e i r  o p t i c a l  i s o m e r s ^ a l r e a d y  
d i s c u s s e d  ( and  shown on t a b l e  I ) an d  t h i s  i s  due  t o  d i f f e r e n c e s
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i n  o p t i c a l  p u r i t y .
Fo r  e a c h  c o n f i g u r a t i o n ,  R and  3 ,  t h e r e  a r e  two p o s s i b l e  
c o n f o r m a t i o n s  i . e .  c i s and  t r a n s , and  t h e r e  may be  an  
e q u i l i b r i u m ,  b e t w e e n  t hem;  o r  one  o f  t h e  two c o n f o r m a t i o n s  
c o u l d  be  t h e  p r e f e r r e d  o n e .
\
R - c o n f i g u r a t i o n :  
\
c i B o i d
S - c o n f i g u r a t i o n :
t r a n s o i d
c i s o i d t r a n s o i d
Howeve r ,  a c o n c l u s i o n  a s  t o  w h e t h e r  t h e  c i s o r  t r a n s
un-
c o n f o r m a t i o n  i s  t h e  p r e f e r r e d  o n e ,  c a n n o t  be  d r a w n  f r om  th e r - e  
O .R .D ,  and  C.D.  r e s u l t s .
A b s o r p t i o n  s p e c t r a ,  c i r c u l a r  d i c h r o i s m  and  o p t i c a l  
/  r o t a / t o r y  d i s p e r s i o n  c u r v e s  c a n  be  u s e d  s i m u l t a n e o u s l y  f o r  
c o n f i g u r a t i o n a l  a s s i g n m e n t s ,  s i n c e  C.D.  and  O .R .D .  j ^ e n o m e n a  
a r e  c o m p l e m e n t a r y  m a n i f e s t a t i o n s  o f  t h e  C o t t o n  e f f e c t  
a s s o c i a t e d  w i t h  a p a r t i c u l a r  e l e c t r o n i c  t r a n s i t i o n .  Howeve r ,  
on  c e r t a i n  o c c a s i o n s ,  c i r c u l a r  d i c h r o i s m  m e a s u r e m e n t s  h a v e
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d i s t i n c t  a d v a n t a g e  o v e r  r o t a t o r y  d i s p e r s i o n ,  whose  b a c k g r o u n d  
r o t a t i o n  may h i d e  weolt C o t t o n  e f f e c t s .  C i r c u l a r  d i c h r o i s m  
c an  be u s e d  i n  i d e n t i f y i n g  r e l a t i v e l y  weait o p t i c a l l y  a c t i v e  
t r a n s i t i o n s ,  e s p e c i a l l y  i n  t h e  l o n g e r  w a v e l e n g t h  r e g i o n ,  
w h e r e  t h e i r  p r e s e n c e  may be  o b s c u r e d  i n  b o t h  u l t r a v i o l e t  
a b s o r p t i o n  and  O .R .D .  s p e c t r a  by b r o a d ,  o v e r l a p p i n g  n e i g h ­
b o u r i n g  b a n d s .
The O .R.D .  s p e c t r a  o f  1 , 1 ' - b i n a p h t h y l s  d i s c u s s e d  a b o v e  
do n o t  show t h e  l o n g  w a v e l e n g t h  C o t t o n  e f f e c t s .  T h e s e  
a r e  o b s e r v e d  i n  t h e  C.D.  c u r v e s .  Howeve r ,  C.D.  m e a s u r e m e n t s  
c o u l d  n o t  be  do ne  i n  t h e  s h o f t e r  w a v e l e n g t h  r e g i o n  ( b e l o w  
240mp) due  t o  an  i n s t r u m e n t a l  l i m i t a t i o n .  Hence  t h e  l o n g ­
wave  C o t t o n  e f f e c t s  had  t o  be  c o n s i d e r e d  i n  t h e  c o n f i g u r a t ­
i o n a l  c o r r e l a t i o n s .
From t a b l e  IX,  i t  i s  o b s e r v e d  t h a t  o p t i c a l l y  a c t i v e  
2 , 2 ' - d i m e t h y l - 1 , 1 ' - b i n a p h t h y l  h a s  two C.D.  C o t t o n  e f f e c t s ,  
one  a t  318 and  t h e  o t h e r  a t  276mp.  The C o t t o n  e f f e c t  a t  
318mp c o r r e s p o n d s  t o  t l i e  t y p i c a l  n a p h t h a l e n e  a b s o r p t i o n  b a n d  
( w h i c h  a p p e a r s  i n  t h e  U.V.  s p e c t r u m  o f  t h e  2 , 2 ' - d i m e t h y l -  
1 ,  1 ' - b i n a p h t h y l  a t  a b o u t  310mp) .  The C o t t o n  e f f e c t  a t  
2 7 6mp i s  t h e  same a s  t h o s e  o f  t h e  o t h e r  c om po uhd s ,  X V I I , XVI,  
an d  XV c e n t r e d  a t  280 ,  300 an d  290mp r e s p e c t i v e l y .  Compounds 
w i t h  t h e  S - c o n f i g u r a t i o n  h a v e  n e g a t i v e  c i r c u l a r  d i c h r o i s m  
C o t t o n  e f f e c t s  a t  t h e s e  w a v e l e n g t h s ;  t h e  o t h e r  o p t i c a l  i s o m e r s ,  
w i t h  p o s i t i v e  CD C o t t o n  e f f e c t  a t  t h e s e  w a v e l e n g t h s  h a v e  t h e  
R - c o n f i g u r a t i o n .
F o r  S -  ( + ) - l , 1 ' - b i n a p h t h y l , t h e  p o s i t i v e  C o t t o n  a i f f e c t  
a t  254mp c o r r e s p o n d s  t o  t h e  a b s o r p t i o n  minimum ( c e n t r e d
a t  260mp) o f  i t s  U.V,  s p e c t r u m .  I f  i t  w e r e  a C o t t o n  e f f e c t
c o r r e s p o n d i n g  t o  t h o s e  a t  a b o u t  280mp f o r  X V I I I ,  XV I I ,  XVI
L
and  XV h a v i n g  t h e  S - c o n f  i g u r a t i o n ,  i t  should be  n e g a t i v e .
The same i s  t r u e  o f  t h e  C o t t o n  e f f e c t  o f  XV c e n t r e d  a t  260mp.
8 .  INFRA-RED SPECTRA o f  RACEMIC and  OPTICALLY ACTIVE
1 . 1  ' -niNAPIITlIYL-8 , 8 ' -CARI30XYLIC ACIDS ;
I n t r o d u c t i o n  :
I n f r a r e d  s p e c t r o s c o p y  h a s  b e e n  e x t e n s i v e l y  u s e d  i n  
o r g a n i c  c h e m i s t r y  f o r  t h e  r e c o g n i t i o n  and  q u a n t i t a t i v e  
a n a l y s i s  o f  s t r u c t u r a l  u n i t s  i n  unl tnown c om pou nd s .
E l e c t r o m a g n e t i c  r a d i a t i o n  o f  t h e  n e a r - i n f r a r e d  and  
i n f r a r e d  r e g i o n  (0*8 -  30mp) i s  a b s o r b e d  t o  v a r i o u s  e x t e n t s  
by a l l  s u b s t a n c e s ,  and  t h e  e n e r g y  so a b s o r b e d  a p p e a r s  a s  
h e a t .  The a b s o r p t i o n  p r o c e s s  i n v o l v e s  e x c i t a t i o n  o f  t h e  
m o l e c u l e  t o  h i g h e r  v i b r a t i o n a l  s t a t e s  and  i t  i s  t h e r e f o r e  
q u a n t i s e d .  The v i b r a t i o n s  i n c r e a s e  i n  a m p l i t u d e  when 
e l e c t r o m a g n e t i c  r a d i a t i o n  ( i n f r a r e d )  o f  t h e  same f r e q u e n c y  
r e a c h e s  t h e  m o l e c u l e  and  r a i s e s  i t  t o  t h e  n e x t  v i b r a t i o n a l  
l e v e l .  The i n f r a r e d  s p e c t r o m e t e r  m e a s u r e s  t h i s  a b s o r p t i o n  
a t  e a c h  f r e q u e n c y  and  so p r o d u c e s  an  i n f r a r e d  s p e c t r u m .
The p r e s e n c e  o f  n u m e r o u s  r o t a t i o n a l  l e v e l s  f o r  e a c h  v i b r a t i o n a l  
l e v e l  g i v e s  r i s e  t o  t h e  r o t a t i o n a l  f i n e  s t r u c t u r e  o b s e r v e d
I
when s m a l l  m o l e c u l e s  a r e  e x a m i n e d  i n  t h e  v a p o u r  s t a t e .
Howeve r ,  f o r  t h e  a v e r a g e  c o m p l e x  o r g a n i c  m o l e c u l e  i n  s o l u t i o n
o r  i n  t h e  s o l i d  s t a t e ,  t h e s e  r o t a t i o n a l  l i n e s  a r e  so c l o s e
t o g e t h e r  and  b l u r r e d  by c o l l i s i o n  and  o t h e r  i n t e r a c t i o n s  t h a t
t h e y  c a n n o t  be  d i s t i n g u i s h e d .  The r e s u l t  f o r  a s i n g l e  v i b r a t i o n a l
—1b a n d  i s  a sm o o t h  peai t  o f  a b o u t  5 -  30cm~ h a l f - b a n d  ' w i d t h .
I n f r a r e d  s p e c t r a  c an  be  u s e d  t o  o b t a i n  f u n d a m e n t a l  d a t a  
on t h e  m e c h a n i c s  o f  s i m p l e  m o l e c u l e s ,  and  t h i s  makes  i t
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p o s s i b l e  t o  a s s e s s  t o  some e x t e n t  t h e  l i k e l i h o o d  o f  f r e q u e n c y  
s h i f t s  s e c u r i n g  w i t h  c h a n g e s  i n  t h e  l o c a l  e n v i r o n m e n t  o f  a 
g r o u p .  However ,  w i t h  more  c o m p l e x  m a t e r i a l s  suc l i  s t u d i e s  a r e  
c o m p l i c a t e d  by f r e q u e n c i e s  a s s o c i a t e d  w i t h  s e v e r a l  v a r i o u s  
s t r u c t u r a l  u n i t s .  I n  t h e  i n t e r p r e t a t i o n  o f  s p e c t r a  t h e  c h e m i s t  
r e l i e s  l a r g e l y  u p o n  t h e  e m p i r i c a l  d a t a ,  p u b l i s h e d  i n  C o r r é l a t i o n  
c h a r t s ,  which need to be p ro p er l y  used to be o f  g r e a t  value*
An i n f r a r e d  s i ^ec t rum can  g i v e  an  i n d i c a t i o n  o f  t h e  p r e s e n c e  o f  
s u c h  g r o u p s  a s  0=0,  0—M, NH^ e t c . ;  t h e  p o s i t i o n  o f  t h e  
a b s o r p t i o n  b a n d  o f  a g r o u p  s u c h  a s  0=0 c a n  i n d i c a t e  w h e t h e r  
i t  f o r m s  p a r t  o f  an  a n h y d r i d e ,  k e t o n e ,  e s t e r ,  a l d e h y d e  o r  
l a c t o n e ,  i f  t h e  c i r c u m s t a n c e s  a r e  s u f f i c i e n t l y  o r d i n a r y .
S a m p l i n g  m e t h o d s  a r e  a v a i l a b l e  f o r  s o l i d s ,  l i q u i d s  and  
s o l u t i o n s : -
S o l i d  s t a t e  :
T h r e e  m e t h o d s  a r e  a v a i l a b l e  f o r  e x a m i n i n g  s o l i d s  :
i )  N u j o l  m u l l s Î More s p e c t r a  a r e  r e c o r d e d  i n  t h i s  f o r m  t h a n  
w i t h  any  o t h e r  f o r m .  T h i s  i s  b e c a u s e  a m u l l  i s  s i m p l e  t o  
p r e p a r e  and  m o u n t ,  and  t h e  m e t h o d  i s  s u i t a b l e  f o r  a l l  s o l i d s .
The s u b s t a n c e  i s  g r o u n d  i n  a d r o p  o f  m e d i c i n a l  l i q u i d  p a r a f f i n  
( N u j o l )  and  t h e  p a s t e  t h u s  o b t a i n e d  i s  p r e s s e d  b e t w e e n  two 
s a l t  p l a t e s  and  p l a c e d  i n  t h e  beam.  N u j o l  s e r v e s  t o  i m m e r s e  
t h e  m i n u t e  p a r t i c l e s  o f  t h e  s u b s t a n c e  i n  a t r a n s p a r e n t  medium 
o f  s i m i l a r  r e f r a c t i v e  i n d e x  and  so p r e v e n t s  t h e  s e v e r e  
s c a t t e r i n g  o f  r a d i a t i o n  w h i c h  w o u l d  o t h e r w i s e  o c c u r .  N u j o l  
b a n d s  h a v e  t o  be  m a rk e d  o f f  on t h e  s p e c t r u m  t o  a v o i d  
m i s i n t e r p r e t a t i o n .  I f  i n f o r m a t i o n  i s  r e q u i r e d  i n  t h " T OH r e g i o n
/4-0
h e x a c h l o r o b u i a d i e n e  c a n  be  u s e d  a s  t h e  m u l l i n g  s u b s t a n c e *
2 ) iVieltt A g u m l i k e  s u b s t a n c e  an d  a s u b s t a n c e  w i t h  a  m e l t i n g  
p o i n t  l e s s  t h a n  1 5 0 ° ,  c an  be  m e l t e d  b e t w e e n  two s a l t  p l a t e s  
and  t h e  r e s u l t i n g  s o l i d  o r  m o l t e n  f i l m  e x a m i n e d .
3 ) H a l i d e  d i s c :  A f i n e l y  g r o u n d  m i x t u r e  o f  t h e  s u b s t a n c e  an d  
a n h y d r o u s  KCL o r  KBr po wd e r  i s  s u b j e c t e d  t o  p r e s s u r e  f o r  
a b o u t  5 m i n u t e s  i n  an  e v a c u a t e d  m e t a l  d i e ,  an d  t h e  r e s u l t i n g  
t r a n s p a r e n t  a l k a l i  h a l i d e  d i s c  c o n t a i n i n g  t h e  d i s p e r s e d  
s u b s t a n c e  g i v e s  an e x c e l l e n t  s p e c t r u m  f r e e  f rom o t h e r  
a b s o r p t i o n  and  w i t h  l i t t l e  s c a t t e r .
L i q u i d  s t a t e  :
P u r e  l i q u i d s  a r e  e x a m i n e d  by m e r e l y  p l a c i n g  a d r o p  
o f  a l i q u i d  b e t w e e n  two p l a t e s  o r  i n s e r t i n g  t h e  l i q u i d  
i n t o  a n a r r o w  t h i n  c e l l .
S o l u t i o n  s p e c t r a :
T he s e  a r e  n o t  a l w a y s  e a s i l y  o b t a i n e d  b u t  t h e y  g i v e  
t h e  m o s t  p r e c i s e  i n f o r m a t i o n .  D e t a i l e d  c o m p a r i s o n s  b e t w e e n  
r e l a t e d  compounds  can  be  made b u t  t h e  same s o l v e n t  h a s  t o  
be  u s e d  f o r  e a c h  compound.  U s e f u l  s p e c t r a l  d a t a  c a n  be  
o b t a i n e d  o n l y  i n  t h e  "window r e g i o n s "  w h e r e  s o l v e n t  a b s o r ­
p t i o n  d o e s  n o t  e x c e e d  9 5 ^ .  S o l v e n t  s u c h  a s  CCl^ ,  CS^,  CHCl^ 
a n d  CH^Cl^ c a n  be  u s e d  and  t h e  e n t i r e  r a n g e  2 -  15p c a n  be  
c o v e r e d ,  i f  t h e  s u b s t a n c e  u n d e r  i n v e s t i g a t i o n  i s  s u f f i c i e n t l y  
s o l u b l e .
F a c t o r s  a f f e c A i n g  g r o u p  f r e q u e n c i e s :
I n f r a r e d  c o r r e l a t i o n  c h a r t s  show t h a t  a  p a r t i c u l a r
/9I
s t r u c t u r a l  g r o u p  e . g .  C=0, p r o d u c e s  an  a b s o r p t i o n  ba n d  
somewhere  w i t h i n  a c o n s i d e r a b l e  w a v e l e n g t h  r a n g e ,  a nd  a s  
more  compounds  a r e  e x a m i n e d ,  t h e s e  u n c e r t a i n t y  r a n g e s  
i n c r e a s e .  T h i s  i s  c o n s i d e r e d  t o  be  du e  t o  t h e  m o d i f i c a t i o n  
o f  a g r o u p  v i b r a t i o n  by t h e  r e s t  o f  t h e  m o l e c u l e .
R e s o n a n c e  :
The f r e q u e n c y  o f  v i b r a t i o n  a l o n g  a  c o v a l e n t  bo nd  
X “  Ï  i n  a s i m p l e  m o l e c u l e  o b e y s  Hooke! s l a w :
= è ( r )
w h e r e  V = f r e q u e n c y  o f  v i b r a t i o n  
c = v e l o c i t y  o f  l i g h t
K = f o r c e  p e r  u n i t  d i s p l a c e m e n t  o f  t h e
bon d  ( u s u a l l y  c a l l e d  t h e  f o r c e  c o n s t a n t )  
an d
1 1  )p = r e d u c e d  mass  o f  t h e  s y s t e m  ( — = g  +
X
w h e r e  an d  My a r e  t h e  a t o m i c
w e i g h t s  i n  g r ams  o f  X an d  Y r e s p e c t i v e l y ) .
The f r e q u e n c y ,  0 , i s  p r o p o r t i o n a l  t o  t h e  s q u a r e  r o o t  o f  
t h e  f o r c e  c o n s t a n t ;  t h i s  i s  a f a c t o r  o f  2 o r  3 h i g h e r  
f o r  d o u b l e  and  t r i p l e  bo n d s  r e s p e c t i v e l y .  Any e l e c t r o n i c  
d i s p l a c e m e n t  due  t o  i n d u c t i v e  o r  m e s o m e r i c  e f f e c t s  i n  t h e  
m o l e c u l e  w h i c h  i n c r e a s e s  t h e  nu m ber  o f  e l e c t r o n s  p a r t a k i n g  
i n  t h e  b o n d ,  w i l l  i n c r e a s e  t h e  f r e q u e n c y  o f  t h e  b o n d .  
R e d u c t i o n  i n  t h e  nu mb er  o f  b o n d i n g  e l e c t r o n s  w i l l  h a v e  
t h e  o p p o s i t e  e f f e c t ,  and  t h e  b a n d  t e n d s  t o w a r d s  l o w e r  
f r e q u e n c y  ( s i n g l e  bo n d  c h a r a c t e r ) .  h»
!4-a
C o n j u g a t i o n  :
C o n j u g a t i o n  o f  d o u b l e  b o nd s  p r o d u c e s  r e s o i C n n c e  s t r u c t u r e s  
s u c h  a s : -
4-
C = C -  C «r C C -  C = C -  C
t  f f
( 1 )  ( 2 )  (3)
<1 J J'  ^ -  +
0 =  C 1  C = C 0  -  C L c  -  c
T h i s  r e s o n a n c e  d e c r e a s e s  t h e  d o u b l e  bond  c h a r a c t e r  o f  b o n d s  
(1 )  and  ( 3 ) and  t h u s  t h e  s t r e t c h i n g  v i b r a t i o n s  o f  t h e s e  
b o n d s  w i l l  a b s o r b  a t  l o w e r  f r e q u e n c i e s  t h a n  t h e y  w o u l d  i f  
u n c o n j u g a t e d .  The o p p o s i t e  i s  t h e  c a s e  f o r  bon d  ( 2 ) .
Hy d r o g e n  b o n d i n g :
A l c o h o l s  h a v e  a c h a r a c t e r i s t i c  OH a b s o r p t i o n  n e a r  t o
I
3 . Op. However ,  t h e  p o s i t i o n . -  o f  t h i s  b a n d  i s  a f f e c t e d  by
h y d r o g e n  b o n d i n g  o r  a s s o c i a t i o n ,  an  e f f e c t  w h i c h  c a n  be
e x p l a i n e d  i n  t h e  same m an n e r  a s  t h e  r e s o n a n c e  e f f e c t .  \Vlien 
a h y d r o g e n  bond i s  f o r m e d  b e t w e e n  a h y d r o x y l  g r o u p  an d  a 
n e i g h b o u r i n g  o x y g e n  a tom t h e  bond l e n g t h  o f  t h e  0 -  H bond  
i s  i n c r e a s e d  and  t h e  bond  f o r c e  c o n s t a n t  i s  r e d u c e d .
I
U*
T h i s  r e d u c e d  t h e  f r e q u e n c y  o f  t h e  h y d r o x y l  s t r e t c h i n g
v i b r a t i o n ,  i . e .  t l i e  h y d r o x y l  s t r e t c h i n g  v i b r a t i o n  w i l l
a b s o r b  a t  l o w e r  f r e q u e n c i e s .  The s h i f t  o f  t h e  a b s o r p t i o n
b a n d  i s  o f  t h e  o r d e r  o f  a b o u t  200cm ^ .
F o r  many o r g a n i c  c h e m i s t s  t h e  m o s t  v i t a l  s i n g l e  a t t r i b u t e
o f  i n f r a r e d  s p e c t r o s c o p y  i s  t h e  a b i l i t y  f i r s t  t o  d e t e c t  and
TV
t h e n  t o  d i s t i n g  wiisK I t h e  d i f f e r e n t  t y p e s  o f  c a r b o n y l  ' ^ r o u p p .
/^5
The g r o u p  i s  p o l a r ,
6 +  6 —
^  C ■— 0 a n d  may be  r e g a r d e d  i n  t e r m s  o f  
^  n o
r e l a t i v e  c o n t r i b u t i o n s  o f  t h e  h y p o t h e t i c a l  e p i c a l  s t r u c t u r e s ,
=  0 < — -  0”
H en ce  any  e f f e c t  w h i c h  w i l l  t e n d  t o  i n c r e a s e  t h e  c o n t r i b u t i o n
o f  t h e  s i n g l e  bo n d  fo r m  w i l l  l o w e r  t h e  f o r c e  c o n s t a n t  o f
t h e  C = 0 bo nd ,  a n d  w i l l  r e s u l t  i n  a f a l l  i n  f r e q u e n c y  o f  t h e
s t r e t c h i n g  v i b r a t i o n  \) C = 0 .
An a c i d i c  h y d r o g e n  e . g .  t h a t  o f  -OH c a n  h y d r o g e n - b o n d
w i t h  a  b a s i c  c e n t r e  s u c h  a s  0 ^  , 0 = e t c .
\  II
e . g .  ■ 0 — — H — G — R
VHien a c a r b o x y l  g r o u p  i s  i n v o l v e d ,  a s  i s  t h e  c a s e  w i t h  
t h e  c a r b o x y l i c  a c i d s ,  C=  0 f a l l s .  Such  b o n d i n g  c a n  b e  
i n t e r m o l e c u l a r  o r  i n t r a m o l e c u l a r .
S t r a i n :
I f  a  c a r b o n y l  g r o u p  i s  p a r t  o f  a  r i n g ,  t h e  c a r b o n y l  
f r e q u e n c y  i n c r e a s e s  a s  t h e  s i z e  o f  t h e  r i n g  d e c r e a s e s .  T h i s  
h a s  b e e n  o b s e r v e d  w i t h  c y c l i c  k e t o n e s ,  l a c t o n e s  a n d  l a c t a m s .
S p e c t r a  o f  1 , 1 ' - B i n a p h t h y l - 8 , 8 ' - d i c a r b o x y l i c  A c i d s .
P r e p a r a t i o n  o f  S p e c i m e n s :
R a c e m i c  1 , 1 ' - b i n a p h t h y l - 8 , 8 ' - c a r b o x y l i c  a c i d  was  p u r i f i e d  
a n d  r e c r y s t a l l i z e d  f r o m  N N - d i m e t h y l f o r m a m i d e  a s  d e s c r i b e d  
i n  t h e  S y n t h e t i c  E x p e r i m e n t a l  S e c t i o n .  F o r  t h e  o p t i c a l l y  
a c t i v e  a c i d s  r e c r y s t a l l i s a t i o n  was  d o n e  q u i c k l y  t o  p i ^ p v e n t
;
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l o s s  o f  o p t i c a l  a c t i v i t y .  The o p t i c a l l y  a c t i v e  a c i d  was 
a l s o  b o i l e d  i n  t h e  aame s o l v e n t  u n t i l  i t  h a d  f u l l y  r a c e m i s e d ,  
a f t e r  w h ic h  i t  was ^ c r y s t a l l i z e d ,  t o  ; âvG  a n o t h e r  s p e c i m e n  o f  
t h e  r a c e m i c  a c i d .  The r e c r y s t a l l i s e d  p r o d u c t s  w e r e  d r i e d  
a t  100°  u n d e r  r e d u c e d  p r e s s u r e .
The N u j o l  m u l l  m e t h o d  was u s e d  b e t w e e n  5 a nd  20p and  
h e x a c h l o r o b u t a d i e n e  was u s e d  f o r  t h e  h y d r o x y l  r e g i o n ,
' I t  was n o t  p o s s i b l e  t o  o b t a i n  s o l u t i o n  s p e c t r a  b e c a u s e  
t h e  a c i d  i s  v i r t u a l l y  i n s o l u b l e  i n  a l l  a v a i l a b l e  s o l v e n t s ,  
N N - d i m e t l i y l - f o r m a m i d e ,  i n  w h i c h  t h e  a c i d  d i s s o l v e s ,  c o u l d  
n o t  be  u s e d  b e c a u s e  i t  d o e s  n o t  p o s s e s s  ’’window r e g i o n s ” i n  
t h e  r e g i o n s  t o  be  e x a m i n e d ,  NaCl p l a t e s  w e r e  u s e d  f o r  t h e  
r e g i o n  b e l o w  15p a nd  KBr p l a t e s  w e r e  u s e d  f o r  t h e  r e g i o n  
b e y o n d  15p .
R e s u l t s  : W a v e l e n g t h s  o f  b a n d s  i n  m i c r o n s  (p )
( - )  f r om s y n t h e s i s  (+)  ( - )  ( - )  a f t e r  r a c é m i s a t i o n
5 - 9 9 j o n e
6 , 1 5 ) s t r o n g
6 . ^ 7 5  v . w .
5 . 7 8  s 5 . 7 8  s
6 . 0 1  s 6 . 0 1  s
6,  24v .  w, 6 .  24v ,  w. 
6 , 3 0 v , w , 6 , 3 0 v , w ,  
6,675m. w, 6,  673m,w, 
7 . 0 8  w 7 . 0 8  w
5 . 9 9  
6 , 1 5 )  s 
6 . 2 5 )
6.  675m. w.
7 . 325m,w. 7 , 3 2 5
( - )  f rom s y n t h e s i s  
7 • 325m.w.
7 . 4 3  m.w.
7 . 5 1  m.w.
7 . 6 2  m.w.
7 . 9 5  a 
8 . 2 8  m . s .
8 . 7 1  m.w.
9 . 0 5  w
9 . 2 2  w 
9 .475W 
9 . 7 0 v . w .
1 0 . 6 5  w 
1 0 . 8 0  m.w.
1 1 . 9 1
121)25]
I 1 2 . 3 9  w 
1 2 . 5 9  m.w.  
1 2 . 7 5  sh
i±i
7 . 4 4  sh  7 . 4 4  sh  
7 . 525m.w.  7 . 525m.w.
g
( - )  (~)  a f t e r  r a c é m i s a t i o n
7 . 325m. w.
7 .  43m.w.
7 . 5 1  m.w.
7 . 6 2  m.w.
7.V3
8 . 2 7
7 . 7 3  s
8 . 2 7
im • m
8 . 3 2  
8 . 5 0  sh  
8 . 7 3  w
8 . 3 2
8 . 5 0  sh  
8 . 7 3  w
9 .  20 m.B 9 .  20m. s 
9 . 4 9  s h  9 . 4 9  sh
9 . 9 5  w 
1 0 . 3 0  w
9 . 9 5  w 
1 0 . 3 0  w
1 1 . 3 0  w
1 1 . 4 1  w
1 1 . 3 0  w 
1 1 . 4 1  w
1 2 . 0 0  s 1 2 . 0 0  s
1 2 . 5 0  w 1 2 . 5 0  w
1 2 . 8 5  V , s . 1 2 . 8 5  v . s .
7 . 9 5  s 
8 . 2 8  r a . s .
8 . 7 1  m.w.
9 . 0 5  w
9 . 2 2  w 
9 . 475w 
9 . 7 0 v . w .
1 0 . 6 5  w 
1 0 . 8 0  m.w.
1 1 . 9 1
*m. s .
12.025) 
1 2 . 3 9  w 
1 2 .  59 m.w.  
1 2 . 7 5  s h
( - )  f r om s y n t h e s i s
1 2 . 9 7  s
1 3 . 3 5  m 
1 3 . 7 2  w
1 3 . 9 7  w
1 4 . 2 2  m.w.
1 5 . 1 7  w
1 5 . 5 7 5 s
1 6 . 1 5
1 6 . 5 3  s 
1 7 . 5 2  v . w .
1 8 . 3 2  w
18.725W
1 4 9
(-f) ( - )  ( - )  a f t e r  y a p e m i s a t i o n
1 2 . 9 5  s . h . 1 2 . 9 5  s . h .  1 2 . 9 7  s
1 3 . 2 0  m . w . 1 3 . 2 0  lar.w. -
1 3 . 3 5  w 1 3 . 3 5  w 
1 3 . 6 5  m . w . 1 3 . 6 5  m.w.
14 .075m 14 .075m
I
1 4 . 8 7 5 s  1 4 . 8 7 5 s
15.125W 15. 125W
1 5 . 2 7  w 1 5 . 2 7  w
1 5 . 4 4  w 1 5 . 4 4  w
1 5 . 9 0  w
1 5 . 3 3  s 1 5 . 3 3  s
17.63W 1 7 . 6 3  w
1 8 . 5 0  m 1 8 . 5 0  m
1 3 . 3 5  m 
1 3 . 7 2  w 
1 3 . 9 7  w 
1 4 .  22 m.w.
2 0 . 0 0  2 0 . 0 0  
s = s t r o n g ,  m=medium, w^weok, v = v e r y ,  s = s h o u l d e r «
( - )  f r om s y n t h e s i s  
B r o a d  OH a b s o r p t i o n  ba n d  
( 3 . 2  -  4 . 5 f i )o  A s l i g h t  
i n c r e a s e  i n  i n t e n s i t y  
a r o u n d  4p
(-f) and  ( - )
OH a b s o r p t i o n  b a n d  i s  b r o a d  
( 3 . 2  -  4 . 5 | i )  w i t h  i n c r e a s e  i n  
i n t e n s i t y  a r o u n d  4 p .  Howeve r  a 
a  s h a r p  an d  o b v i o u s  b a n d  o c c u r s  
a t  3 . 2 9 j i .
!5C)
Pi  s c u s s i o n : -
P r e v i o u s  w o r k e r s  we re  u n a b l e  t o  p u r i f ÿ  t h e  o p t i c a l l y  
a c t i v e  1 , 1 ’- b i n a p l i t h y l - 8 , 8  * - d i c a r b o x y l i c  a c i d s  by c r y s t a l l i z f ?  
a t i o n ,  a s  was shown by p o o r - e l e m e n t a l  a n a l y s e s .  The a c i d s  
c o n t a i n e d  o c c l u d e d  w a t e r  and  t h i s  made a  c o m p a r a t i v e  s t u d y  
o f  t h e  h y d r o x y l  r e g i o n  i m p o s s i b l e .  I n  t h e  p r e s e n t  wo r k ,  ' 
N N - d i m e t h y l f o r m a m i d e  p r o v e d  t o  be  a s u i t a b l e  s o l v e n t  f r o m  w h i c h  
t h e  a c i d s  c o u l d  be  c r y s t a l l i z e d  w i t h o u t  much l o s s  i n  o p t i c a l  
a c t i v i t y .  The e l e m e n t a l  a n a l y s e s  w e r e  g o o d ,  an d  t h e r e f o r e  
a c o m p a r i s o n  o f  t h e  i . r .  s p e c t r a  o f  t h e  a c i d s  c o u l d  be  made .
I t  c an  be  o b s e r v e d  f rom f i g .  1,  2 and  3 t h a t  t h e  s p e c t r u m  
o f  r a c e m i c  1 , 1 ^ - b i n a p h t h y l - 8 , 8 ' - d i c a r b o x y l i c  a c i d  d i f f e r s  
f r om t h a t  o f  t h e  o p t i c a l l y  a c t i v e  i s o m e r s  w h i c h  t h e m s e l v e s  
h a v e  i d e n t i c a l  s p e c t r a .  S i n c e  t h e  s p e c t r a  w e r e  do n e  on  t h e  
s o l i d  a c i d ,  t h e  d i f f e r e n c e s  c an  be  due  t o  d i f f e r e n c i n  t h e  
i n f l u e n c e  o f  t h e  m o l e c u l e s  on o n e  a n o t h e r  i n  t h e  two co mpounds .  
Such  d i f f e r e n c e s  g i v e  r i s e  t o  d i f f e r e n c e s  i n  c r y s t a l  s t r u c t u r e  
i n  t h e  two c a s e s  so t h a t  t h e r e  w i l l  be  d i f f e r e n c e s  i n  c r y s t a l ^  
f o r c e s ,  and  d i p o l a r  i n t e r a c t i o n s  i n  t h e  c r y s t a l s .
The r a c e m i c  a c i d  c o n t a i n s  e q u i m o l e c u l a r  a m o u n t s  o f  t h e  
(+)  and  ( - ) - i s o m e r s .  S i n c e  t h e  i n f r a r e d  s p e c t r u m  o f  t h e  (+)  
a c i d  i s  i d e n t i c a l  w i t h  t h a t  o f  t h e  ( - ) - a c i d ,  an  e q u i m o l e c u l a r  
m i x t u r e  o f  t h e  two i s o m e r s  m i g h t  be  e x p e c t e d  t o  g i v e  t h e  same 
s p e c t r u m  a s  t h a t  o f  t h e  i n d i v i d u a l  o p t i c a l  i s o m e r s . ^  The 
d i f f e r e n c e  i n  t h e  s p e c t r a ,  t h e r e f o r e ,  p r o v i d e s  e v e r y  . r e a s o n  
t o  s u p p o s e  t h a t  t h e  d i f f e r e n c e s  o b s e r v e d  h e r e  a r e  due '  t o  
d i f f e r e n c e s  i n  i n t e r m o l e c u l a r  f a c t o r s .  T
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The f a c t  t h a t  t h e  OH a b s o r p t i o n  b a n d s  o f  t h e  r a c e m i c  a c i d  
a n d  o p t i c a l l y  a c t i v e  i s o m e r s  a r e  b r o a d  an d  a p p e a r  a t  l ow  
f r e q u e n c i e s ,  c l e a r l y  shows t h e  p r e s e n c e  o f  h y d r o g e n  b o n d i n g  ; 
t h e  d i f f e r e n c e s  i n  t h e  Oil a b s o r p t i o n  b a n d s  o f  t h e  r a c e m i c  
a n d  t h e  o p t i c a l l y  a c t i v e  a c i d s ,  shows  t h a t  t h e  h y d r o g e n  b o n d i n g  
i s  i n t e r m o l e c u l a r ,  s i n c e  i f  t h e r e  w e r e  i n t r a m o l e c u l a r  h y d r o g e n  
b o n d i n g  i n  t h e  r a c e m i c  a c i d ,  a n d  t h e  o p t i c a l l y  a c t i v e  a c i d s  
( w h i c h  h a v e  i d e n t i c a l  s p e c t r a ) ,  t h e s e  d i f f e r e n c e s  w o u l d  n o t  
be  o b s e r v e d .
I t  h a s  a l r e a d y  b e e n  s t a t e d  t h a t  i f  t h e  c a r b o n y l  g r o u p  
e . g .  t h a t  o f  a c a r b o x y l i c  a c i d ,  i s  i n v o l v e d  i n  h y d r o g e n  b o n d  
f o r m a t i o n ,  Vc = 0 f a l l s . Hence  i f  b o t h  c a r b o n y l  g r o u p s  i n  t h e  
8 , 8  ^ - d i a c i d  a r e  i n v o l v e d  i n  h y d r o g e n  b o n d i n g ,  t h e y  w i l l  g i v e  a 
p e a k  a l o w e r  ^  f r e q u e n c y  t h a n  t h a t  o f  a f r e e  c a r b o n y l  g r o u p .
B u t  s h o u l d  o n l y  o n e  c a r b o n y l  g r o u p  be  i n v o l v e d ,  t h e r e  w i l l  be  
two c a r b o n y l  p e a l i s ,  one  a t  l o w e r  f r e q u e n c i e s  ( f o r  t h e  C=0 g r o u p  
i n v o l v e d  i n  h y d r o g e n  b o n d i n g )  a nd  t h e  o t h e r  a t  h i g h e r  f r e q u e n c i e s  
( f o r  t h e  f r e e  C=0 g r o u p ) .  T h i s  i s  w h a t  i s  o b s e r v e d  i n  t h e  
c a s e  o f  t h e  o p t i c a l l y  a c t i v e  a c i d .  The r a c e m i c  a c i d  h a s  o ne  
c a r b o n y l  peal^ ,  a t  t h e  l o w e r  f r e q u e n c y ,  s h o w i n g  t h a t  b o t h  
c a r b o x y l  g r o u p s  a r e  i n v o l v e d  i n  h y d r o g e n  b o n d i n g .  E x a m i n a t i o n  
o f  m o d e l s  ( f i g .  11 )  shows  t h a t  i n t r a m o l e c u l a r  h y d r o g e n  b o n d i n g
;
b e t w e e n  m i r r o r - i m a g e  m o l e c u l e s  i n  t h e  r a c e m i c  a c i d  t a l i  e s  p l a c e  
i n  s u c h  a way t h a t  t h e r e  w i l l  be  two c a r b o x y l  g r o u p s  on  o p p o s i t e  
" s i d e s "  f r e e  t o  f o r m  h y d r o g e n  b o n d s  w i t h  o t h e r  m o l e c u l e s ,  ;
w i t h o u t  c a u s i n g  much o v e r c r o w d i n g .  How eve r ,  w i t h  t h e  ( + ) -  o r  
( - ) - a c i d  ( f i g .  1 1 )  ÿ t h e  two c a r b o x y l  g r o u p s  w i l l  be  (Th t h e
same " s i d e "  a n d  w i l l  n o t  be  a b l e  t o  f o rm  h y d r o g e n  b o n d s  w i t h  
o t h e r  m o l e c u l e s  w i t h o u t  s e r i o u s  o v e r c r o w d i n g ,  a n d  so t h e y  w i l l  
r e m a i n  f r e e .  T h e s e  c a r b o x y l  g r o u p s  g i v e  a C=0 b a n d  a t  a  h i g h e r  
f r e q u e n c y ,  ( a b s o r p t i o n  b a n d  a t  5 . 7 8 q ) .  The f r e e  OH a l s o  g i v e s  
a s h a r p  b a n d  a t  3 . 2 9 ( i .  T h e s e  two p e a l t s  a r e  n o t  o b s e r v e d  i n  
t h e  c a s e  o f  t h e  r a c e m i c  a c i d  i n  w h i c h  b o t h  c a r b o n y l  g r o u p s  a r e  
e c j u a l l y  i n v o l v e d  i n  h y d r o g e n  b o n d i n g  (C=0 b a n d  h a s  s e c o n d a r y  
maxima  a t  5 . 9 9 ,  6 .  15 ,  6 . 25q ) .  t h e  b o n d e d  C=0 g r o u p  i n  t h e  
( + ) -  o r  ( - ) - i s o m e r s  a b s o r b s  a t  l o w e r  f r e q u e n c i e s  ( ô . O l p ) .
A r r a n g e m e n t s  o f  t h e  c l a s s i c a l  m o d e l s  ( b e a r i n g  i n  m in d  t h e  
f a c t  t h a t  t h e  -COOH g r o u p s  h a v e  t o  a p p r o a c h  e a c h  o t h e r  l i n e a r l y )  
i n d i c a t e s  t h a t  t h e  i n v o l v e m e n t  o f  b o t h  c a r b o x y l  g r o u p s  i n  t h e  
r a c e m i c  a c i d  c o u l d  be  e a s i e r  t h a n  i n  t h e  ( + ) -  a n d  ( - ) - i s o m e r s  
w h e r e  o n l y  o n e  c a r b o x y l  g r o u p  a p p e a r s  t o  be  f r e e .
Hence  t h e s e  d i f f e r e n c e s  i n  h y d r o g e n  b o n d i n g  i n  t h e  
c r y s t a l l i n e  a c i d ,  r a c e m i c  a n d  o p t i c a l l y  a c t i v e ,  g i v e  r i s e  t o  
d i f f e r e n c e s  b e t w e e n  t h e  i n f r a r e d  s p e c t r u m  o f  t h e  r a c e m i c  a c i d  
a n d  t h e  o p t i c a l l y  a c t i v e  a c i d .
U n f o r t u n a t e l y ,  t h e  i n s o l u b i l i t y  o f  t h e s e  a c i d s  i n  s u i t a b l e  
s p e c t r o s c o p i c  s o l v e n t s  p r e c l u d e s  i n v e s t i g a t i o n  o f  t h e  i . r .  
s p e c t r a  i n  s o l u t i o n .  T h i s  h i g h  i n s o l u b i l i t y  c a n  be  a t t r i b u t e d  
t o  s t r o n g  i n t e r m o l e c u l a r  f o r c e s  i n  t h e  s o l i d  a c i d s .  The a c i d s  
w e r e  f o u n d  t o  be  s o l u b l e  i n  N N - d i m e t h y l f o r m a m i d e  a n d  d i m e t h y l  
s u l p h o x i d e ,  w h i c h  a r e  s t r o n g  e n o u g h t o  b r e a l i  t h e  i n t e r m o l e c u l a r  
f o r c e s  i n  t h e  s o l i d  a c i d s .  H o w e v e r ,  t h e s e  s o l v e n t s  a b s o r b  
i n  t h e  c a r b o n y l  a nd  h y d r o x y l  r e g i o n s ,  t h u s  m a i l i ng  i . r .  s p e c t r a l  
s t u d i e s  o f  t h e  a c i d s  i m p o s s i b l e .
I f  th e  s p e c t r a l  d i f f e r e n c e s  sh o u ld  d is a p p e a r  when th e  
s p e c tr a  a re  o b ta in e d  u s in g  a s u i t a b l e  s o l v e n t ,  i t  can  
be c o r r e c t  t o  suppose t h a t  th e  above o b s e r v a t io n s  a re  _ J
due t o  d i f f e r e n c e s  i n  some f a c t o r s  p r e v a i l i n g  i n  th e  c r y s t a l s  
o f  t h e s e  a c id s »
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LONG-RANGE SHIELDING.
The a b n o r m a l  s h i e l d i n g  o f  c e r t a i n  m e t h y l e n e  g r o u p s  
i n  p o l y m e t h y l e n e  b e n z e n e s \ ( d i s c u s s e d  l a t e r ) ,  t h e  d i f f e r e n c e  
b e t w e e n  t h e  s h i e l d i n g  o f  m e t h y l e n e  g r o u p s  i n  c y c l i c  a n d  
a c y c l i c  s y s t e m s ,  a n d  t h e  d e p e n d e n c e  o f  t h e  f r e q u e n c i e s  o f  
p r o t o n s  i n  s u b s t i t u t e d  e t h a n e s  on  t h e  p o p u l a t i o n s  o f  c o n f o r m ­
a t i o n s ,  s u g g e s t  t h a t  p r o t o n  s h i e l d i n g  may be  c o n t r o l l e d  by 
t h e  n a t u r e  o f  n e i g h b o u r i n g  g r o u p s  a s  w e l l  a s  t h e i r  o r i e n t a t i o n  
w i t h  r e s p e c t  t o  t h e  p r o t o n .  T h e r e f o r e ! , ,  n u c l e a r  m a g n e t i c  
r e s o n a n c e  s p e c t r o s c o p y  c a n  b e  a p p l i e d  t o  i n v e s t i g a t i o n s  
o f  s t e r o c h e m i c a l  p r o b l e m s .
L . M . J a c k m a n  (A p p l i c a t i o n s  o f  N u c l e a r  M a g n e t i c  R e s o n a n c e  
S p e c t r o s co p y  i n  O r g a n i c  Chemi b t r y . p .  1 1 2 .  Pergaj i iOn P r e s s ,
I
L o n d o n ,  1 9 5 9 ) .  ha s ,  C o n s i d e r e d  t h e  s h i e l d i n g  o f  a  p r o t o n  
w h i c h  a r i s e s  f r o m  a ° g r o u p  o f  e l e c t r o n s ,  G, n o t  d i r e c t l y  
a s s o c i a t e d  w i t h  t h e  f p r o t o n .  The l o c a l  d i a m a g n e t i c  c i r c u l ­
a t i o n s  o f  G ( w h e r e  G c o n s i s t s  o f  e l e c t r o n s  o f  an  i s o l a t e d  
a t o m ,  a s s u m i n g  t h e  a tom h a s  a  c l o s e d  s h e l l  c o n f i g u r a t i o n  ao 
t h a t  t h e r e  i s  no r e s u l t a n t  e l e c t r o n  s p i n ) ,  g i v e s  r i s e  t o  
a n  i n d u c e d  f i e l d  w h i c h  i s  i n d e p e n d e n t  o f  t h e  d i r e c t i o n  o f  
t h e  a p p l i e d  f i e l d  b e c a u s e  G i s  s p h e r i c a l l y  s y m m e t r i c a l ,
The o r i e n t a t i o n  o f  t h e  p r o t o n  r e l a t i v e  t o  G d e t e r m i n e s  
t h e  c o m p o n e n t  o f  t h e  i n d u c e d  f i e l d  a t  t h e  p r o t o n  a s  shown 
i n  f i g .  I .
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I f  t h e  r e l a t i v e  o r i e n t a t i o n s  o f  t h e  p r o t o n  a nd  G v a r y  
r a n d o m l y  o v e r  a  p e r i o d  o f  t i m e ,  a s  w o u l d  be  t h e  c a s e  i f  
t h e y  w e r e  p a r t  o f  t h e  same  m o l e c u l e  i n  t h e  l i q u i d  o r  
g a s e o u s  s t a t e ,  t h e  a v e r a g e  f i e l d  p r o d u c e d  by G a t  t h e  
p r o t o n  i s  z e r o .  I f  G i s  n o t  s p h e r i c a l l y  s y m m e t r i c a l ,  t h e  
c o m p o n e n t  o f  t h e  i n d u c e d  f i e l d ,  a v e r a g e d  o v e r  a l l  
o r i e n t a t i o n s ,  w i l l  h a v e  a f i n i t e  v a l u e ,  b e c a u s e  t h e  s t r e n g t h  
o f  t h e  i n d u c e d  f i e l d  w i l l  no l o n g e r  be  i n d e p e n d e n t  o f  t h e  
a p p l i e d  f i e l d .  Hence  a  g r o u p  o f  e l e c t r o n s  c a n  o n l y  c o n t r i b ­
u t e  t o  t h e  s h i e l d i n g  o f  a  r e m o t e  p r o t o n  i f  t h e  g r o u p  i s  
m a g n e t i c a l l y  a n i s o t r o p i c .  F o r  t h i s  r e a s o n ,  l o n g - r a n g e  
s h i e l d i n g  e f f e c t s  a r e  b e s t  d i s c u s s e d  i n  t e r m s  o f  d i a m a g n e t i c  |  
a n i s o t r o p i e s  o f  g r o u p s  o f  e l e c t r o n s .
I n  a r o m a t i c  a n d  p s e u d o - a r o m a t i c  r i n g s ,  t h e  x - e l e c t r o n s  
a r e  c y c l i c a l l y  d e l o c a l i z e d .  T h e s e  r i n g s  a l l o w  i n d u c e d  
c i r c u l a t i o n  o f  t h e  x - B i e c t r o n s  o v e r  a l l  t h e  r i n g  a tomrs.  T h i s
i n d u c e s  c o n s i d e r a b l e  r i n g  c u r r e n t s  w h i c h  p r o d u c e  c o r r e s p o n d -  • 
i n g l y  l a r g o  m a g n e t i c  f i e l d s *  Such  s y s t e m s  a r e  n o t  s p h e r i c a l l y  
s y m m e t r i c a l  ( i . e .  t h e y  a r c  m a r k e d l y  a n i s o t r o p i c )  a n d  t h e r e ­
f o r e  t h e  e f f e c t s  o f  t h e  i n d u c e d  f i e l d  a t  a p o i n t  i n  t h e  i r 
s u r r o u n d i n g  s p a c e  do n o t  a v e r a g e  t o  z e r o  f o r  a l l  ] ) o s s i b l e  
o r i e n t a t i o n s  o f  t h e  r i n g  l i^ith r e s p e c t  t o  t h e  a p p l i e d  f i e l d .  
Hence  a r o m a t i c  r i n g s  p r o v i d e  a s t r o n g  s o u r c e  o f  l o n g - r a n g e  
s h i e l d i n g  a n d  d e s h i e l d i n g .  The i n d u c e d  f i e l d  a n d  r e s u l t i n g  
s h i e l d i n g  z o n e s  f o r  t h e  b e n z e n e  m o le c u ] . e  c a n  be  p i c t u r e d  a s  
i n  f i g .  I I ,  ( L . M . J a c k m a n ,  l o c . c i t . )
L o n g - r a n g e  s l i i e l d i n g  
by t h e  b e n z e n e  r i n g .
The m a g n i t u d e  i n c r e a s e s  
t o w a r d s  t h e  7 i - o r b i t a l s  
r a t h e r  t h a n  t o w a r d s  t h e  
e l e c t r i c a l  c e n t r e  o f  
g r a v i t y  o f  t h e  7 ; - e i e c t r o n s .
F i g .  I I .
The i n d u c e d  m a g n e t i c  f i e l d  i s  o p p o s e d  t o  t h e  a p p l i e d  f i e l d  
a t  t h e  c e n t r e  o f  t h e  r i n g ,  b u t  i n  t h e  satne d i r e c t i o n  a s  
t h e  a p p l i e d  f i e l d  o u t s i d e  t h e  r i n g ,  i n  t h e  p l a n e  o f  t h e  
r i n g  w h e r e  b e n z e n e  p r o t o n s  l i e .  The b e n z e n e  p r o t o n s  a r e  
t h e r e f o r e  d e s h i e l d e d  a s  shown i n  f i g .  I l l #
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The ^ s h i e l d i n g  o f  a r o m a t i c  p r o t o n s .
Hence  t h e  a r o m a t i c  p r o t o n s  r e s o n a t e  a t  a l o w e r  v a l u e  
o f  t h e  a p p l i e d  f i e l d  t h a n  t h e y  o t h e r w i s e  w o u l d .  H ow ev e r ,  
a p r o t o n  h e l d  o v e r  t h e  c e n t r e  o f  t h e  b e n z e n e  r i n g  i s  
s h i e l d e d ,  b e c a u s e  i n  t h i s  r e g i o n  t h e  i n d u c e d  f i e l d  o p p o s e s  
t h e  a p p l i e d  f i e l d ,  and  r e s o n a t e s  a t  a h i g h e r  f r e q u e n c y .
J . o . W a u g h  a n d  R # W . F e s s e n d e n  ( J .  Amer . Chem. S o c . ,
1 9 5 7 » 7_9, 8 4 6 )  h a v e  p r e d i c t e d  t h e  h i g h  r e s o l u t i o n  n u c l e a r  
s p e c t r a  o f  1 , 4 - p o l y m e t h y l e n e b e n z e n e  ( F i g .  I V ) ,  u s i n g  
t h e  c l a s s i c a l  f r e e  e l e c t r i c a l  m o d e l  o f  P o p l e *  They  s t a t e
(
It h a t  i n  t h e  l o w e r  member s  o f  t h e  s e r i e s  (n  ^  8 )  t h e  c e n t r e  
C H ^ - g r o u p s  a r e  c o n f i n e d  t o  a  r e g i o n  n e a r  t h e  c e n t r e  o f  
t h e  a r o m a t i c  n u c l e a n s ,  and  a r e  t h e r e f o r e  e x p e c t e d  t o  
e x p e r i e n c e  a  f r e e  e l e c t r o n  f i e l d  o f  a p p r e c i a b l e  m a g n i t u d e  
a n d  o f  a s i g n  o p p o s i t e  t o  t h a t  a s s o c i a t e d  w i t h  a r o m a t i c  
p r o t o n s .  The s p e c t r a  f o r  c a s e s  n=10  a n d  n=12  w e r e  p r e d i c t e d  
a s  f o l l o w s  *
1)  The a r o m a t i c  p r o t o n s  a r e  e x p e c t e d  t o  g i v e  a  s i n g l e  
l i n o  a t  a b o u t  t h e  same p o s i t i o n  a s  i n  p - x y l e n e .
2 ) The a - C H ^ - p r o t o n s  o n e  e x p e c t e d  t o  e x p e r i e n c e  
n e a r l y ’ t h e  same c o m b i n a t i o n  o f  c h e m i c a l  e f f e c t s  a n d  f r e e  
e l e c t r o n  f i e l d  a s  t h e  c o r r e s p o n d i n g  p r o t o n s  i n  e t h y l -  
b e n z e n e .  H e n ce  a  t r i p l e t  i s  p r e d i c t e d .
3 ) The r e m a i n i n g  ( p ,  Yj -------- ) p r o t o n s  s h o u l d  h a v e
c h e m i c a l  s h i f t s  c h a r a c t e r i s t i c  o f  s a t u r a t e d ,  u n s t r a i n e d  
c y c l i c  l i y d r o C a r b o n s  m o d i f i e d  by  t h e  f r e e  e l e c t r o n  f i e l d .  ' ;
T h e s e  m e t h y l  p r o t o n s  h a v e ,  i n  f a c t ,  b e e n  o b s e r v e d  t o  ;
g i v e  s i g n a l s  m o r e  u p f i e l d  t h a n  do t h e  C H ^ - p r o t o n s  i n  ,
o t h e r  c o m p o u n d s ,  i n  t h e  compound  n=10  we f i n d  t h e  c e n t r a l  
m e t l i y l e n e  p r o t o n s  o f  t h e  b r i d g i n g  c h a i n s  h a v e  V* 9 .  20 a s  !
I
c o m p a r e d  w i t h  Y" 8 . 7 5  i n  a  n o r m a l  a l i p h a t i c  c h a i n .  ;
I
AYlien i n  a  c o m p l e x  m o l e c u l e ,  an  a r o m a t i c  r i n g  i s  n o t  I
I ^ . i
c o p l a n a r  w i t h  a n o t h e r  p a r t  o f  t h e  m o l e c u l e ,  t h ^  t h e r e  |
w i l l  b e  d i f f e r e n t i a l  l o n g - r a n g e  e f f e c t s .  D . Y . C u r t i n ,  j
H . G r u e n  a n d  B . A . S h o u l d e r s  ( Chem. a n d  I n d . , 1 9 5 8 ,  1 2 0 5 )  j
ftiave e x a m i n e d  s e v e r a l  p a i r s  o f  c i s - t r a n s  i s o m e r s  i n v o l v i n g  4
p h e n y l  s u b s t i t u e n t s .  They h a v e  o b s e r v e d  q u i t e  l a r g e  f r e q u e n c y ,
IG^
s h i f t s  a r i s i n g  f r o m  l o n g - r a n g e  s h i e l d i n g  by t h e  a r o m a t i c  
r i n g s .  Hence  t h e  o l e f i n i c  p r o t o n s  f r e q u e n c i e s  o f  c i s -  
a n d  t r g n s - s t i l b e n e .  ( l l  a nd  I I I )  i n d i c a t e  t j i a t  i n  t h e  
t r a i l s  i s o m e r  t h e  two r i n g s  a r e  e s s e n t i a l l y  c o p l a n a r  w i t h  
t h e  d o u b l e  b o n d  a n d  so d e s h i e l d  t h e  p r o t o n s .
I I
The o l e f i n i c  p r o t o n s  i n  I I  h a v e  'f 3 . 0 1 .  E a c h  p r o t o n  
l i e s  i n  t h e  p l a n e  o f  t h e  two p h e n y l  g r o u p s  a n d  i s  t h e r e ­
f o r e  d e s h i e l d e d .
I l l
I n  I I I ,  t h e  o l e f i n i c  p r o t o n s  h a v e  f  3 .  31 .  T he iu& roma t i c
r i n ^  i n  t h i s  m o l e c u l e  a r e  t i l t e d  a n d  t h c v . d e s h i  e l d i n g  o f
t h e  o l e f i n i c  p r o t o n s  i s  t h e r e f o r e  r e d u c e d .
n
Ho w ev e r ,  t h e  f r e q u ^ c i e s  o f  t h e  p r o t o n s  a t o  t h e  
p h e n y l  g r o u p s  i n  t r g n s  a n d  c i s  1 , 2 - d i p h e n y l  c y c l o p e n t a n e ,  
I V  a h d  V, show t h a t  i n  bojbh i s o m e r s  t h e  p h e n y l  g r o u p s
a r e  n o t  p l a n a r .
/i^ a
IV
\
V
T 7 . 1 1 ^  6 . 7 1
I n  IV e a c h  p r o t o n  l i e s  a b o v e  t h e  p l a n e  o f  t h e  v i c i n a l  
p h e n y l  g r o u p  a n d  i s  t h e r e f o r e  s h i e l d e d  w h e r e a s  i n  V, e a c h  
p r o t o n  i s  f u r t h e r  r e m o v e d  f r o m  t h e  v i c i n a l  p h e n y l  g r o u p  a n d  
t h e  ; l ^ s h i e l d i n g  i s  t h e r e f o r e  l e s s  t h a n  i t  i s  i n  V.
S» Goodwin ,  J . N .  . S h o o l e r y  a n d  L .F#  J o h n s o n  ( P r o c . Chem.
3o(o
S o c . , 19 59 ;  have reported data for decentriiiG ( V I ) and
b u l b o c a p n i n e  ( V I l ) ,  two a l k a l o i d s  o f  t h e  a p o r p h i n e  g r o u p  
p o s s e s s i n g  n o n - p l a n a r  d i p h e n y l  s y s t e m s .
Me
V I I
T h e r e  i s  u n e q u a l  d e s h i  e l d i n g  o f  t h e  two p r o t o n s  o f  m e t h y l -  
e n e d i o x y  g r o u p s  by  t h e  b e n z e n e  r i n g  A, b e c a u s e  t h e  p l a n e
/G4
'I Io f  t h i s  r i n g  d o e s  n o t  b i s e c t  t h e  g r o u p .  The s p e c t r u m
t h e r e f o r e  i s  o f  an  AB t y p e ,  (AB i s  a  two s p i n  s y s t e m  o f  
i n t e r a c t i n g  n u c l e i ^  B h a v i n g  a  h i g h e r  c h e m i c a l  s h i f t  t h a n  A) .  
I n  t h e  Bnde d e g r a d a t i o n  p r o d u c t ,  V I I I , t h e r e  i s  c o p l a n a r i t y  
a n d  t h e  m e t l i y l e n e d i o x y  p r o t o n s  show a s i n g l e  r e s o n a n c e  l i n e  
b e c a u s e  t h e y  a r e  now e q u i v a l e n t ,  b e i n g  e q u a l l y  d e s h i e l d e d  
by t h e  a r o m a t i c  r i n g .
Me
V I I I
The a b o v e  e x a m p l e s  a r e  h e l p f u l  i n  t h a t  t h e y  p r o v i d e  a  
m e a n s  o f  u n d e r s t a n d i n g  t h e  a p p r o x i m a t e  s p a t i a l  g e o m e t r y  o f  
t h e  l o n g - r a n g e  s h i e l d i n g  an d  d e s h i e l d i n g  z o n e s  i n  a r o m a t i c  
r i n g s .
I n  v i e w  o f  t h e  a b o v e  c o n s i d e r a t i o n s  i t  was  c o n s i d e r e d  
t h a t  t h e  r e l a t i v e  d e g r e e s  o f  s h i e l d i n g  o f  s u b s t i t u e n t  p r o t o n s  
i n  s u i t a b l y  s u b s t i t u t e d  1 , 1 ’- b i n a p h t h y l s  w o u l d  g i v e  a n  
a p p r o x i m a t e  m e a s u r e  o f  t h e  r e l a t i v e  s p a t i a l  o r i e n t a t i o n  o f  
t h e  s u b s t i t u e n t s .
R e s u l t s  f r om  p r e s e n t  w o r k ;
N u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r a  w e r e  d o n e  i n  
d e u t e r a t e d  d i m e t h y l s u l p h o x i d e  b e c a u s e  t h i s  was f o u n d  t o  
b e  t h e  b e s t  s o l v e n t  f o r  t h e  s e t  o f  c o m po und s .
Compounds w i t h  t h e  m è t h y l  g r o u p  a s  a  s u b s t i t u e n t ,  g a v e  
t h e  m o s t  s a t i s f a c t o r y  r e s u l t s ,  s i n c e  c o m p l i c a t i o n s  s u c h  a s  
h y d r o g e n  b o n d i n g  a n d  p r o t o n  e x c h a n g e  w i t h  s o l v e n t  do n o t  
a r i s e  a s  t h e y  do i n  t h e  c a s e  o f  g r o u p s  w i t h  h y d r o x y l i c  
p r o t o n s .  The r e s u l t s  a r e  c o m p a r e d  w i t h  t h o s e  o f  t o l u e n e  
a n d  t h e  d i t o l y l s  wh os e  n u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r a  
w e r e  d o n e  i n  c a r b o n  t e t r a c h l o r i d e .
F r e s h l y  o p e n e d  d e u t e r a t e d  d i m e t h y l s u l p h o x i d e  was  u s e d  
a s  t h e  s o l v e n t  f o r  t h e  c a r b o x y l i c  a c i d ,  b e c a u s e  t h e  s o l v e n t  
w h i c h  h a s  b e e n  s t a n d i n g  f o r  some t i m e  c o n t a i n e d  w a t e r  a n d  
a s  a r e s u l t  o f  t h e  r a p i d  p r o t o n  e x c h a n g e  b e t w e e n  t h e  c a r b o x y l i c  
a c i d s  and  t h e  w a t e r ,  t h e r e  a p p e a r e d  o n e  s h a r p  s i g n a l  a r o u n d
t h e  H^O p r o t o n  s i g n a l  an d  no d e t e c t a b l e  p r o t o n  s i g n a l  was
.
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Di s e u s s i on
The m e t h y l  p r o t o n s ,  irj|, t h e  a b s e n c e '  o f  d e s h i e l d i n g
'i*
e f f e c t s  i n d u c e d  by n e i g h b o u r i n g  a toms  o r  groujDs,  a r e  u s u a l l y  
t h e  m o s t  h i g h l y  s h i e l d e d  o f  a l l  t h e  common o r g a n i c  t y p e s .
I n  s a t u r a t e d  h y d r o c a r b o n s  t h e  m e t h y l  p r o t o n  s i g n a l  a p p e a r s  
b e t w e e n  "T 9 . 0 5  and T  9 . 1 5 .  I n  r i g i d  c y c l i c  s y s t e m s  t h e  
s i g n a l  c an  a p p e a r  a t  s l i g h t l y  h i g h e r  f r e q u e n c i e s  (up t o  a b o u t  
f 9 . 4 0 ) .  However ,  t h e  m e t h y l  g r o u p s  j o i n e d  t o  a r o m a t i c  s y s t e m s  
a b s o r b  a t  l o w e r  f r e q u e n c i e s  a s  a r e s u l t  o f  t h e  d e s h i  e l d i n g  
by t h e  r i n g  c u r r e n t  f i e l d s .  The m e t h y l  p r o t o n  s i g n a l  f o r  
a - m e t h y l n a p h t h a l e n e ,  IX,  a p p e a r s  a t  *r 7 . 3 3  i n  d e u t e r o -  
d i m e t h y l s u l p h o x i d e  as  t h e  s o l v e n t .
However ,  8 - m e t h y l - 1 ,1  *- b i n a p h t h y l , X, g i v e s  t h e  m e t h y l  
p r o t o n  s i g n a l  a t  T 8 . 3 9 .  S t e r i c  r e p u l s i o n  b e t w e e n  t h e  
n a p h t h a l e n e  r e s i d u e  A and t h e  m e t h y l  g r o u p  c a u s e s  bond  
d e f o r m a t i o n  r e s u l t i n g  i n  d e s h i  e l d i n g  o f  t h e  m e t h y l  g r o u p  
( t h i s  e f f e c t  h a s  b e e n  o b s e r v e d  i n  t h e  d i m e t h y l n a p h t h a l e n e  
s e r i e s  by C. MacLean and E . L .  Macko r ,  Mo l . P h y s . , I 9 6 0 ,  3.9 
223)  by  c h a n g i n g  i t s  r e l a t i o n s h i p  w i t h  r i n g  B,
IX
X
6
XI
B e c a u s e  o f  t h i s  t h e  m e t h y l  p r o t o n  s i g n a l  wo u l d  be  e x p e c t e d  
t o  a p p e a r  d o w n f i e l d  r e l a t i v e  t o  t h a t  i n  a - m e t h y l n a p h ^ h a l e n e
1The f a c t  t h a t  i t  a p p e a r s  u p f i e l d  r e l a t i v e  t o  t h a t  i n  
c x - m e t h y l n a p h t h a l e n e  i s  due  t o  l o n g - r a n g e  s h i e l d i n g  o f  
t h e  m e t h y l  g r o u p  by t h e  op ] >os i t e  n a p h t h a l e n e  r e s i d u e  A. 
The two n a p h t l j a l e n e  r e s i d u e s  i n  t h e  m o l e c u l e  a r e  n o t  
c o p l a n a r ,  and  so t h e  m e t h y l  g r o u p  i s  h e l d  ab ove  t h e  
o p p o s i t e  n a p h t h a l e n e  p o r t i o n  o f  t h e  m o l e c u l e  a n d  t h e  
m e t h y l  p r o t o n s  a r e  t h e r e f o r e  s h i e l d e d .  S i n c e  t h e  n a p h t h ­
a l e n e  r e s i d u e s  i n  t h e  m o l e c u l e  a r e  a s sumed  t o  be  t r a n s , 
t h e  m e t h y l  g r o u p  i s  h e l d  above  r i n g  1 .
With 8 , 8 ’- d i m e t h y l - 1 , 1 ’- b i n a p h t h y l , XI ,  t h e  m e t h y l  
p r o t o n s  wou ld  be  e x p e c t e d  t o  g i v e  a s i g n a l  a t  t h e  same 
p o s i t i o n  a s  t h a t  f o r  t h e  -CH^ p r o t o n s  i n  8 - m e t h y l - 1 , 1 ' -  
b i n a p h t h y l ,  i f  t h e  i n - p l a n e  and  o u t - o f - p l a n e  d e f l e c t i o n s  
o f  t h e  C-CH^ bonds  i n  t h e  two m o l e c u l e s  we re  t h e  same,  
b u t  i f  t h e s e  d i s t o r t i o n s  s h o u l d  i n c r e a s e  i n  t h e  c a s e  o f  
8 , 8 ' - d i m e t h y l - 1 , 1 ' - b i n a p h t h y l , due  t o  i n c r e a s e d  p e r i - ,  
i n t e r a c t i o n ,  t h e  s i g n a l  s h o u l d  come d o w n f i e l d ,  r e l a t i v e  
t o  t h a t  o f  8 - m e t h y l - l , 1 ' - b i n a p h t h y l  s i n c e  t h e  i n t e r a c t i o n  
i n c r e a s e s  t h e  d e s h i  e l d i n g  o f  t h e  m e t h y l  p r o t o n s  by t h e  
a r o m a t i c  r i n g  c u r r e n t  f i e l d .  T h i s  i s  wh a t  i s  o b s e r v e d ;  
t h e  -CH^ p r o t o n  s i g n a l s  i n  8 , 8 ' - d i m e t h y l - 1 , 1 ' - b i n a p h t h y l  
a p p e a r  a t  T 8 . 3 0 .  Mo re ove r  t h e  i n c r e a s e d  i n - p l a n e  and 
o u t - o f - p l a n e  d e f l e c t i o n  o f  t h e  m e t h y l  g r o u p s  i n  8 , 8 ' -  
d i m e t h y l - 1 , 1 ' - b i n a p h t h y l  r e d u c e s  t h e  l o n g  r a n g e  s h i e l d i n g  
o f  t h e  m e t h y l  g r o u p s  by t h e  o p p o s i t e  n a p h t h a l e n e  r e s i d u e s  
s i n c e  i n  t h i s  m o l e c u l e ,  e ac h  g r o u p  i s  h e l d  f u r t h e r
away f rom t h e  o p p o s i t e  n a p h t h a l e n e  r e s i d u e  t h a n  i s  t h e
I "76
-CH^ g ro up  i n  8 - r n e t h y l - l , 1 ' - b i n a p l r b h y l  • Wi t h  one  me t l j y l  
s u b s t i t u e n t  i n  t h e  8 - p o s i t i o n  i n  1 , 1 ' - b i n a p h t h y l , t h e  
1 , 1 ’-b on d  i s  d i s t o r t e d ,  i n - p l a n e  and  o u t - o f - p l a n e .  The 
s e c o n d  m e t h y l  g r o u p  i n  t h e  8 ’-%)osüion c a u s e s  a d d i t i o n a l  
d i s t o r t i o n  t h u s  b r i n g i n g  t h e  m e t h y l  g r o u p s  e ven  f u r t h e r  
away f rom t h e  o p p o s i t e  n a p h t h a l e n e  r e s i d u e s .
Hence, i n  8 , 8 ’ - d i m e t h y l - 1 ,1  ' - b i n a  p t h y l , i n c r e a s e d  
p e r i - i n t e r a c t i o n  b e tw e e n  ea c h  -CH^ g r o u p  and t h e  o p p o s i t e  
n a p h t h a l e n e  r e s i d u e s  i n c r e a s e s  t h e  d e s h i  e l d i n g  o f  t h e  -CH^ 
p r o t o n s  by t h e  n a p h t h a l e n e  n u c l e u s  t o  wh ic h  t h e  m e t h y l  
g r o u p  i s  a t t a c h e d ,  and r e d u c e s  t h e  l o n g  r a n g e  s h i e l d i n g  
o f  t l i e s e  p r o t o n s  by t h e  o p p o s i t e  n a p h t h a l e n e  n u c l e u s .
E q u i v a l e n c e  o f  m e t h y l  p r o t o n s .
An i n t e r e s t i n g  o b s e r v a t i o n  i s  t h a t  a l l  t h e  p r o t o n s  i n
e a c h  m e t h y l  g r o u p  g i v e  a s i n g l e  s i g n a l  i n d i c a t i n g  t h a t  t h e y
a r e  e q u i v a l e n t .  Hence t h e  d i s t o r t i o n s  i n  t h e  m o l e c u l e  a r e
l a r g e  enough t o  a l l o w  r o t a t i o n  o f  t h e  m e t h y l  g r o u p s .  M o r e o v e r ,
t h e  two m e t h y l  g r o u p s  i n  8 , 8 ' - d i m e t h y l - 1 , 1 ' - b i n a p h t h y l  g i v e
one  s i g n a l  i n d i c a t i n g  t h a t  t h e y  a r e  i n  e q u i v a l e n t  e n v i r o n m e n t s .
T h i s  s u g g e s t s  t h a t  one  c o n f o r m a t i o n  i s  s u b s t a n t i a l l y  p r e f e r r e d .
I n  8 ’- m e t h y l - 1 ,1  * - b i n a p h t h y l - 8 - c a r b o x y l i c a c i d ,  X I I ,  t h e
-COOH g r o u p  can  be c o n s i d e r e d  t o  be  l a r g e r  t l i a n  t>ie -CH^
g r o u p  i f  i t  i s  r o t a t i n g .  On t h e  p r e s e n t  e v i d e n c e ,  i t  seems
t h a t  i t  i s ,  s i n c e  i t  i n c r e a s e s  i n - p l a n e  and  o u t - o f - p l a n e
d i s t o r t i o n s  i n  t h e  m o l e c u l e  t h u s  b r i n g i n g  t h e  -CH^ g r o u p
ev en  f u r t h e r  away f rom t h e  o p p o s i t e  n a p h t h a l e n e  r e s i d u e
 ^*
( a l t h o u g h  a s t u d y  o f  s p a c e  f i l l i n g  m od e l s  maltes a r e s t a t i n g
î'7'7
carbox^yl  g r o u p  seoin h i g h l y  i m p r o b a b l e ) .  The m e t h y l  p r o t o n  
s i g n a l  t h e r e f o r e  a p p e a r s  d o w n f i e l d ,  r  7 . 9 8  r e l a t i v e  t o  t h a t  
o f  t h e  “ CH^ p r o t o n s  i n  8 , 8 * - d i m e t h y l - l , 1 ’- b i n a p h t h y l .
HO
XII
I t  may be t h o u g h t  t h a t  t h e  s e c o n d a r y  m a g n e t i c  f i e l d  s e t  
up by t h e  i n d u c e d  c i r c u l a t i o n  o f  % - e l e c t r o n s  i n  t h e  ^^C=0 
o f  t h e  c a r b o x y l  g r o u p ,  w i l l  d e s h i e l d  t h e  -CH^ p r o t o n s  when 
t h e y  a r e  a d j a c e n t  t o  t h e  end o f  t h e  d o u b l e  b o n d .  However ,  
i f  t h e  g r o u p  r o t a t e s  t h e  -CH^ p r o t o n s  a l s o  come n e a r  t h e  
c e n t r e  o f  t h e  d o u b l e  bond  and t h e y  wou ld  be  t h e r e f o r e  
r e l a t i v e l y  s h i e l d e d .  Hence t h e  two e f f e c t s  c a n c e l  e a c h  
o t h e r .  T h e r e f o r e  t h e  o n l y  a p p a r e n t  c a u s e  o f  t h e  d o w n f i e l d  
s h i f t  o f  t h e  m e t h y l ,  p r o t o n  s i g n a l  i s  t h e  e f f e c t i v e l y  l a r g e  
s i z e  o f  t h e  c a r b o x y l  g r o u p .
T h a t  t h e  d o w n f i e l d  s h i f t  o f  t h e  -CH^ p r o t o n  s i g n a l  i s  
a r e s u l t  o f  a d d i t i o n a l  d i s t o r t i o n  i n  t h e  m o l e c u l e ,  w h i c h  
b r i n g s  t h e  -CH^ g r o u p  f u r t h e r  away f rom t h e  o p p o s i t e  
n a p h t h a l e n e  n u c l e u s ,  i s  e v i d e n t  f r om t h e  -CH^ p r o t o n  s i g n a l  
o f  1 3 - m e t h y l - 7 - o x o d i b e n z  ( a ,  a n t h r a c e n e ,  X l l l ,  w h i c h
a p p e a r s  a t  T  7 . 6 8 .  King s h u t t i n g  on one  s i d e  o f  t h e  m o l e c u l e  
p u t s  t h e  -GH^ g r o u p  f u r t h e r  away f rom t h e  n a p h t h a l e n e  n u c l e u s  A
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b u t  n e a r e r  i n t o  i t s  p l a n e .  Hence  t h e  l o n g - r a n g e  s h i e l d i n g  
o f  t h e  g r o u p  i s  r e d u c e d  and  t h e  d e s h i e l d i n g  i s  i n c r e a s e d .
The -CII^ p r o t o n  s i g n a l  t h e r e f o r e  comes f u r t h e r  d o w n f i e l d  
compa red  t o  t h a t  i n  t h e
X I I I
compounds c o n s i d e r e d  a b ov e ,
2 , 2 ’- D i m e t h y l - I , I ' - b i n a p h t h y l , XV, g i v e s  a  m e t h y l  p r o t o n  
s i g n a l  a t  'T 8 . 0 1 ,  w h e r e a s  P - m e t h y l n a p h t h a l e n e  h a s  a -Cil^ 
p r o t o n  s i g n a l  a t  T 7 , 5 4 .  Hence  t h e r e  i s  l o n g - r a n g e  s h i e l d i n g  
o f  t h e  m e t h y l  p r o t o n s  i n  2 , 2 ’- d i m e t h y l - 1 , I ' - b i n a p h t h y l , T h i s  
m o l e c u l e  i s  n o t  c o p l a n a r ;  e a c h  -CH^ g r o u p  i s  h e l d  a b ov e  t h e  
o p p o s i t e  n a p h t h a l e n e  n u c l e u s .
XV
The d i f f e r e n c e  b e t w e e n  t h e  c h e m i c a l  s h i f t s  o f  2 , 2 ' - d i m e t h y l -  
I , 1 ’- b i n a p h t h y l  and p - m e t h y l n a p h t h a l e n e  i s  0 , 4 7  w h e r e a s  
t h a t  b e t w e e n  t h e  c h e m i c a l  s h i f t s  o f  8 , 8 ’- d i m e t h y l - 1 , 1
_ -m
b i n a p h t h y l  and  a - m e t h y l n a p h t h a l e n e  i s  1 . 0 6 .  T h i s  i n d i c a t e s
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/t h a t  t h e r e  i s  l e s s  l o n g - r a n g e  s h i e l d i n g  i n  2 , 2 ’- d i m e t h y l -  
1,  1 ’ - b i n a p l i t h y l  t h a n  i n  8 , 8 ’- d i m e t h y l - 1 , 1 ’- b i n a p h t h y l • 
C l a s s i c a l  m o d e l s  show t h a t  e a c h  m e t h y l  g r o u p  i n  t h e  f o r m e r  
compound i s  f u r t h e r  away f rom t h e  r i n g  c e n t r e  o f  t h e  o p p o s i t e  
n a p h t h a l e n e  n u c l e u s  t h a n  i n  t h e  l a t t e r  compound* T h i s  
e x p l a i n s  t h e  l o w e r  l o n g - r k n g e  s h i e l d i n g  i n  2 , 2 ' - d i m e t h y l -  
1,  1 * - b i n a p h t h y l ,
The e f f e c t s  o f  t h e  d i s t a n c e  o f  a p r o t o n  f rom t h e  
a r o m a t i c  n u c l e u s ,  on t h e  l o n g - r a n g e  s h i e l d i n g  i s  c l e a r l y  
shown by t h e  d i t o l y l s *  2 , 2 ’- D i t o l y l , XVII ,  g i v e s  a -CH^ 
p r o t o n  s i g n a l  a t  f  7 . 9 9  w h e r e a s  t o l u e n e  g i v e s  t h i s  s i g n a l  
a t  'T 7 . 6 6 .  T h e r e  i s ,  t h e r e f o r e ,  l o n g - r a n g e  s h i e l d i n g  o f  
t h e  -CH^ p r o t o n s  by t h e  b e n z e n e  r i n g  c u r r e n t  f i e l d s .  However ,  
i n  3 , 3 - d i t o l y l ,  X V I I e a c h  m e t h y l  g r o u p  i s  f u r t h e r  away 
f rom t h e  o p p o s i t e  r i n g  and h e n c e  t h e r e  i s  l e s s  l o n g - r a n g e  
s h i e l d i n g  and  t h e  -CH^ p r o t o n  s i g n a l  a p p e a r s  a t  < 7 . 7 6 .
4 , 4 * - D i t o l y l  ; XIX, g i v e s  a -CH^ p r o t o n  s i g n a l  a t  'f 7 . 6 6 ,  
as d o e s  t o l u e n e ,  t h u s  i n d i c a t i n g  t h e  a b s e n c e  o f  l o n g - r a n g e  
s h i e l d i n g  o f  t h e  -CH^ p r o t o n s  i n  t h e  m o l e c u l e .
C a r b o x y l i c  a c i d s  :
Ï
HO.,
11
HO
IIV
83)
HO
IV
V VI
I n  n o n - p o l a r  s o l v e n t s  ( e . g .  CCl^) t h e  c a r b o x y l i c  
p r o t o n  f r e q u e n c i e s  a r e  i n v a r i a n t  w i t h  t h e  c o n c e n t r a t i o n  
( C.M, H u g g i n s , G . C . P i m e n t e l  and  J . N . S h o o l e r y , J ,  P h y s . \  .
Chem. , 1956, '  60 ,  1311;  A. D. Cohen and  C . R e i d ,  J .  Chem.
P h y s . ,  1956 ,  2^ ,  7 9 0 ) .  T h i s  i s  t h e  r e s u l t  o f  t h e  t e n d e n c y  
o f  t h e  c a r b o x y l i c  a c i d s  t o  form s t a b l e  d i m e r s .  However ,  
i n  p o l a r  a p r o t i c  s o l v e n t s ,  p a r t i c u l a r l y  t h o s e  w h i c h  can  
a c t  a s  p r o t o n  a c c e p t o r s ,  t h e  d i m e r s  a r e  l e s s  s t a b l e  and  
t h e  c a r b o x y l i c  p r o t o n  f r e q u e n c i e s  a r e  c o n c e n t r a t i o n  
d e p e n d e n t ,  S i n c e  a p o l a r  s o l v e n t  was u s e d  f o r  t h e  ab ove  
a c i d s , a v a l i d  c o m p a r i s o n  o f  t h e  p o s i t i o n s  o f  t h e  h y d r o x y l i c  
p r o t o n  s i g n a l  i n  t h e  s e r i e s  c o u l d  n o t  be made,
J . T , A r n o l d  and M . E , P a c k a r d  ( J ,  Chem, P h y s , ,  1951 ,
1 9 9 1608)  o b s e r v e d  t h a t  t h e  c h e m i c a l  s h i f t  o f  t h e  p r o t o n  
s i g n a l  o f  t h e  e t h a n o l  OH g r o u p  was t e m p e r a t u r e  d e p e n d e n t  
w h e r e a s  u n d e r  t h e  c o n d i t i o n s  o f  r e s o l u t i o n  em p l oy ed !  i n  
t h e  e x p e r i m e n t  no t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  CH^ and  
CH^ p r o t o n  s i g n a l s  was o b s e r v e d .  They f o u n d  t h a t  an 
i n c r e a s e  o f  t e m p e r a t u r e  f rom 160 t o  350°K c a u s e d  t h e ^ OH
) 8 4
p r o t o n  s i g n a l  t o  s h i f t  t o w a r d s  t h a t  o f  t h e  CH^ g r o u p  
i . e .  t o  h i g h e r  f i e l d s .  They a l s o  f o u n d  t h a t  d i l u t i o n  
by s o l v e n t s  h a d  an e f f e c t  s i m i l a r  t o  t h a t  o f  r a i s i n g  t h e  
t e m p e r a t u r e  e . g .  f o r  a lO^o s o l u t i o n  o f  e t h a n o l  i n  c a r b o n  
t e t r a c h l o r i d e  t h e  chemical s h i f t  d i f f e r e n c e  b e t w e e n  t h e  
OH and CH^ s i g n a l s  was v e r y  n e a r l y  t h a t  o f  p u r e  a l c o h o l  
a t  i t s  b o i l i n g  p o i n t .
These  r e s u l t s  we re  i n t e r p r e t e d  by U . L i d d e l  a nd  N, F, 
Ramsey ( J .  Chem. P h y s . , 1951 ,  3^ ,  1608)  on t h e  b a s i s  t h a t  
t h e  e x i s t e n c e  o f  a t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  r e s o n a n c e  
s i g n a l  c an  be u n d e r s t o o d  i f  t h e r e  a r e  a l t e r a t i v e  m o l e c u l a r  
s t a t e s  whose  e n e r g y  s e p a r a t i o n  i s  o f  t h e  o r d e r  o f  kT .
S i n c e  a l c o h o l  f o r m s  h y d r o g e n  b o n d s  i n v o l v i n g  t h e  h y d r o g e n  
o f  t h e  OH g r o u p ,  t h i s  h y d r o g e n  s h o u l d  e x p e r i e n c e  a d i f f e r e n t  
m a g n e t i c  s h i e l d i n g  i n  t h e  a s s o c i a t e d  and  u n a s s o c i a t e d  s t a t e s .  
I f  t h e  c o r r e l a t i o n  t i m e  r e l a t e d  t o  t h e  l i f e t i m e s  o f  t h e  
two s t a t e s  i s  s u f f i c i e n t l y  s m a l l  ( l e s s  t h a n  a m i l l i s e c o n d ) ,  
t h e  h y d r o g e n  r e s o n a n c e  w i l l  be  o b s e r v e d  a t  t h e  f r e q u e n c y  
c o r r e s p o n d i n g  t o  t h e  a v e r a g e  s h i e l d i n g  f o r  t h e  two s t a t e s .  
S i n c e  t e m p e r a t u r e  c h a n g e s  w i l l  a l t e r  t h e  p o p u l a t i o n  o f  
t h e  a s s o c i a t e d  and  u n a s s o c i a t e d  s t a t e s ,  t h e  r e s o n a n c e  
f r e q u e n c y  w i l l  be  t e m p e r a t u r e  d e p e n d e n t  . S o l v e n t  d i l u tL cn ,  
b e c a u s e  i t  a l s o  c a u s e s  d i s s o c i a t i o n  o f  t h e  h y d r o g e n  b o n d s ,  
w i l l  h a v e  an e f f e c t  e q u i v a l e n t  t o  t h a t  o f  r a i s i n g  t h e  
t e m p e r a t u r e .
The t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  h y d r o x y l i c  p r o t o n s  
o f  t h e  a c i d s ,  I - V I  i s  i n t e r e s t i n g .  The h y d r o x y l  p r o t o n
Is i g n a l  o f  a - i i a p h t l i o i  c a c i d ,  I  (SPEC I  ) was n o t  a f f e c t e d  
by t h e  i n c r e a s e  i n  t e r n p e r a t i l r e .  T h i s  s u g / ; c s t s  l a c k  o f  
i n t e r m o l e c u l a r  a s s o c i a t i o n  and p r o t o n  e x c h a n g e  w i t h  t h e  
s o l v e n t  ( d e u t e r a t e d  d i m e t l i y l s u l p h o x i d e )  • The h y d r o x y l i c  
p r o t o n  s i g n a l  o f  1 , 1 ' - b i n a p h t h y l - 5 , 5  * - d i c a r b o x y l i c  a c i d ,
I I  ( s p e c . 2 . )  i s  a l s o  n o t  a f f e c t e d  by i n c r e a s e  i n  t e m p e r ­
a t u r e ,  i n d i c a t i n g  t h e  l a c k  o f  i n t e r m o l e c u l a r  a s s o c i a t i o n  
and  p r o t o n  e x c h a n g e .  I n t r a m o l e c u l a r  h y d r o g e n  b o n d i n g  i s  
n o t  p o s s i b l e  w i t h  I I  s i n c e  t h e  s i t u a t i o n  o f  t h e  c a r b o x y l  
g r o u p s  i n  n o t  f a v o u r a b l e  t o  t h i s .  S i n c e  t h e  c a r b o x y l  
g r o u p  i n  t h e s e  two compounds ,  I  and  I I ,  a r e  n o t  a s  s t e r -  
i c a l l y  h i n d e r e d  a s  t h o s e  i n  t h e  a c i d s  I I I - V I ,  any  d i f f e r ­
en c e  i n  t h e  b e h a v i o u r  o f  t h e  c a r b o x y l i c  p r o t o n s  i n  t h e s e  
two g r o u p s  o f  compounds ,  i s  a  r e s u l t  o f  some i n t r a m o l e c u l a r  
e f f e c t s ,  e i g .  i n t r a m o l e c u l a r  h y d r o g e n  b o n d i n g ,  Any 
i n t e r m o l e c u l a r  e f f e c t  w i l l  a f f e c t  I  and I I  much more  t h a n
I I I ,  IV,  V and VI i n  wh i ch  t h e  -COOH g r o u p s  a r e  i n  
s t e r i c a l l y  h i n d e r e d  p o s i t i o n s .
The h y d r o x y l i c  p r o t o n s  i n  1 , 1 ’- b i n a p h t h y l - 8 ,8  ' -  
d i c a r b o x y l i c  a c i d s ,  I I I  (SPEC . 3 . )  and  t h e  2 , 2 ’- d i a c i d ,
IV,  ( s p e c . 4#)  g i v e ,  r i s e  t o  a  b r o a d  ( h u m p - l i k e )  s i g n a l  
a t  l o w e r  t e m p e r a t u r e s .  As t h e  t e m p e r a t u r e  i s  r a i s e d ,  
t h e  s i g n a l  s h a r p e n s  and s h i f t s  t o  h i g h e r  f i e l d s .  On 
l o w e r i n g  t h e  t e m p e r a t u r e  (SPEC. 3.  f o r  t h e  8 , 8 ’- d i a ü i d )  
b r o a d e n s  a g a i n .  However ,  w i t h  1 , 1 ’- b i n a p h t h y l - 8 - c a r b o x -  
y l i c  a c i d ,  V (SPEC. 5 . )  and  8 ' - m e t h y l - 1 , 1 ’- b i n a p h t h y l -  
8 - c a r b o x y l i c  a c i d ,  IV ( SPEC. 6 . ) ,  e a c h  o f  w h i c h  h a s  one
Ic a r b o x y l  g r o u p  i n  t l i e  8 - p o s i t i o n ,  r a i s i n g  t h e  t e m p e r a t u r e  
h a s  t h e  e f f e c t  o f  b r o a d e n i n g  t h e  s i g n a l  and s h i f t i n g  i t  
t o  l o w e r  f i e l d s .  On l o w e r i n g  t h e  t e m p e r a t u r e  t h e  s i g n a l  
s h a r p e n s .  I t  i s  t h e r e f o r e  o b s e r v e d  t h a t  t h e  t e m p e r a t u r e  
d e p e n d e n c e  b e h a v i o u r  o f  t h e  h y d r o x y l i c  p r o t o n s  o f  V and 
VI i s  t h e  o p p o s i t e  o f  t h a t  o f  t h e  h y d r o x y l i c  p r o t o n s  o f  
I I I  and IV, T h i s  can  be a r e s u l t  o f  p o s s i b l e  d i f f e r e n c e s  
i n  t l i e  n a t u r e  o f  h y d r o g e n  b o n d i n g  i n  t h e s e  compounds .
I t  i s  p o s s i b l e  t h a t  i n  I I I  and  IV,  t h e r e  i s  i n t e r m o l e c u l a r  
h y d r o g e n  b o n d i n g  b e tw e e n  t h e  c a r b o x y l  g r o u p s ,  w h e r e a s  i n  
t h e  V and VI,  t h e  h y d r o g e n  b o n d i n g  i s  b e t w e e n  t h e  c a r b o x y l  
h y d r o g e n  and  t h e  x - e l e c t r o n  s y s t e m  o f  t h e  o p p o s i t e  
n a p h t h a l e n e  n u c l e u s .  I t  m i g h t  be  p o s s i b l e  t o  e s t a b l i s h  
t h e  e x a c t  n a t u r e  o f  t h e  d i f f e r e n c e s  b e tw e e n  t h e  c a r b o x y l  
p r o t o n  f r e q u e n c i e s  o f  I I I  and  IV and  t h o s e  o f  V and  VI 
by a t h o r o u g h  i n v e s t i g a t i o n  o f  t h e  t e m p e r a t u r e  and  c o n c e n t ­
r a t i o n  d e p e n d e n c e  o f  t h e s e  p r o t o n s .
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10.  MAGS OrECTJU OF 2 , 2 ’ tHIMETJIYL-  AND 8 . 8  ’-DIMETHYL-
1 , 1 ’-BINAPHTHYL
( i ) I n t r o d u c t i o n ;
Mass s p e c t r o m e t r y  l ias become i n c r e a s i n g l y  i m p o r t a n t
\
i n  O r g a n i c  c h e m i s t r y .  The f u n c t i o n s  o f  t h e  Mass S p e c t r o ­
m e t e r  a r e  t o  p r o d u c e  p o s i t i v e  i o n s  f rom t h e  s u b s t a n c e  
u n d e r  i n v e s t i g a t i o n ,  t o  r e s o l v e  t h e s e  i o n s  i n t o  a s e r i e s  
o f  i o n '  beams w h i c h  a r e  homogeneous  w i t h  r e s p e c t  t o  t h e i r  
m a s s / c h a r g e  r a t i o ,  and t o  m e a s u r e  t h e  r e l a t i v e  a b u n d a n c e  
o f  t h e  i o n s  i n  t h e s e  beams.
Theo ry  and o p e r a t i o n ;
The s u b s t a n c e  u n d e r  i n v e s t i g a t i o n  i s  i n t r o d u c e d  i n t o
t h e  i o n i s a t i o n  cheimber o f  t h e  s p e c t r o m e t e r  w h e r e  i t  i s
bombarded  w i t h  an e l e c t r o n  bean  o f  v a r i a b l e  e n e r g y  ( 5 0 -  
o
^ - e V ) .  The m a t e r i a l  i s  i o n i s e d  by e l e c t r o n  i m p a c t  f o r m i n g  
p o s i t i v e  i o n s  i n  a c c o r d a n c e  w i t h  t h e  e q u a t i o n s
e + XÏ ----   + 2e
T h i s  i o n  f o r m a t i o n  o c c u r s  i n  t h e  n e i g h b o u r h o o d  o f  a 
p o s i t i v e l y  c h a r g e d  p l a t e ,  t h e  i o n - a c c e l z i e r a t i n g  p l a t e ,  
whose  p o t e n t i a l  i s  a l s o  v a r i a b l e ,  b u t  c u s t o m a r i l y  k e p t  
a t  2 k V , . The i o n s  a r e  r e p e l l e d  f rom t h i s  p l a t e  i n  a c c o r d ­
a n c e  w i t h  t h e  e q u a t i o n  g o v e r n i n g  e l e c t r o s t a t i c  r e p u l s i o n ;
i  Mv^ = eV   (1)
wh e re  M i s  t h e  mass  o f  t h e  i o n ,  e , t h e  e l e c t r o n i c  c h a r g e ,
V t h e  p o t e n t i a l  o f  t h e  i o n - a c c e l e r a t i n g  p l a t e  and  v ^ t h e  
v e l o c i t y  o f  t h e  p a r t i c a l e .  As i t  p a s s e s  t h r o u g h  t h e
s o u r c e  t h e  beam o f  i o n s  i s  f o c u s e d  on an e x i t  s l i t  by- 
means o f  s u b s i d i a r y ,  c h a r g e d  p l a t e s .  The i o n s  now p a s s  
b e t w e e n  t h e  p o l e s  o f  an e l e c t r o m a g n e t  whe re  t h e y  a r e  
d e f l e c t e d  a l o n g  a c i r c u l a r  p a t h  a c c o r d i n g  t o  t h e  r e l a t i o n  :
^  = Hev ............  (2 )
whe re  r  i s  t h e  r a d i u s  o f  t h e  p a t h  and II i s  t h e  f i e l d
s t r e n g h  d f  t h e  m a g n e t .
From e q u a t i o n s  ( l )  and  (2)
! = #    <3 ,
From e q u a t i o n  (3)  i t  fo l lgrws  t h a t ,  f o r  g i v e n  v a l u e s  o f  
H and V i o n s  h a v i n g  d i f f e r e n t  v à l u e s  o f  M/e f o l l o w  d i f f e r e n t  
p a t h s  i n  t h e  i n t r u m e n t .  The m a g n e t i c  d e f l e c t i o n  a l s o  
h a s  a f o c u s i n g  e f f e c t  upon  t h e  i o n  beams,  and  beams t h a t  
a r e  homogeneous  w i t h  r e s p e c t  t o  t h e i r  m a s s / c h a r g e  r a t i o  
c o n v e r g e  t o  t h e  same f o c u s .
The i o n - a c c e l e r a t i n g  v o l t a g e  and  t h e  m a g n e t i c  f i e l d  
a r e  so a d j u s t e d  t h a t  a s e l e c t e d  beam o f  i o n s  p a s s e s  
t h r o u g h  a s l i t ,  p l a c e d  a t  i t s  f o c u s ,  and  f a l l s  on t h e  
c o l l e c t o r  -  a F a r a d a y  cag e  w h i c h  i s  b e h i n d  t h e  s l i t .
E q u a t i o n  (3)  shows t h a t  t h e  v a l u e s  o f  t h e  i o n -
a c c e l e r a t i n g  v o l t a g e  and t h e  f i e l d  s t r e n g t h  o f  t h e  m a g n e t  
w i l l  d e t e r m i n e  t h e  m a s s / c h a r g e  r a t i o  o f  t h e  i o n  beam 
r e c e i v e d  a t  t h e  c o l l e c t o r .
A s p e c t r o m e t e r  o f  t h i s  t y p e ,  i n  w h i c h  t h e  i o n s ,  
o n c e  fo rm ed ,  a r e  f o c u s e d  o n l y  by t h e  a c t i o n  o f  t h e  m a g n e t i c  
f i e l d  a r e  known a s  s i n g l e - f o c u s i n g  i n s t r u m e n t s .
/ S 9
With d o u b l e - f o c u s i n g  i n s t r u m e n t s ,  t h e  i o n  beam i s  
b r o u g h t  t o  n f o c u s  f o l l o w i n g  e l e c t r o s t a t i c  r e p u l s i o n  and 
b e f o r e  t l i e  i o n s  a r e  m a g n e t i c a l l y  d e f l e c t e d .
T i m e - o f - f l i g h t  i n s t r u m e n t s  h a v e  r e c e n t l y  be en  i n t r o ­
d u c e d ,  I n  s u c h  i n s t r u m e n t s  t h e  i o n s  fo rm ed  by e l e c t r o n  
bombardmen t  o f  t l i e m a t e r i a l  a r e  a d m i t t e d  t o  t h e  a n a l y s e r  
by moans o f  an e l e c t r o n  d e v i c e  wliicl i  a l lo w s  a sample  o f  
a l l  t h e  i o n s  p r e s e n t  t o  e n t e r  a t  t h e  same i n s t a n t .  The 
a n a l y s e r  i s  a t u b e  a t  t h e  end o f  wh i ch  i s  t h e  c o l l e c t o r .
An e l e c t r o n i c  s h u t t e r  i s  i n  f r o n t  o f  t h e  c o l l e c t o r ,  and 
h t o  o p e n i n g  and c l o s i n g  o f  t h i s  s h u t t e r  i s  c o n t r o l l e d  by 
a d e v i s e  f o r  a d m i t t i n g  t h e  i o n s  t o  t h e  a n a l y s e r .  The i o n s  
en t e r i ng  t h e  t u b e ,  h a v i n g  d i f f e r e n t  m a s s e s ,  w i l l  t r a v e l  
down t h e  t u b e  w i t h  d i f f e r e n t  v e l o c i t i e s  by r e a s o n  o f  t h e  
l aw o f  e l e c t r o n i c  r e p u l s i o n  ( e q u a t i o n  ( l ) ) .  The t i m e  
ta l ^en  f o r  an i o n  b£ any g i v e n  m a s s / c h a r g e  r a t i o  t o  a r r i v e  
a t  t h e  s l i u t t e r  i n  f r o n t  o f  t h e  c o l l e c t o r  c an  be  d e t e r m i n e d ,  
and t h e  t i m e  d e l a y  b e tw e e n  a d m i t t i n g  t h e  i o n s  and  t h e  
o p e n i n g  o f  t h i s  s h u t t e r  can  be a d j u s t e d  t o  a l l o w  i o n s  o f  
s e l e c t e d  m a s s / c h a r g e  r a t i o  t o  r e a c h  t h e  c o l l e c t o r .  By 
v a r y i n g  t h e  t i m e  l a g  a l l  t h e  i o n s  a r e  a l l o w e d  i n  t u r n  t o  
a r r i v e  a t  t h e  c o l l e c t o r .  The number  o f  i o n s  o f  e a c h  M/e 
a r r i v i n g  a t  t h e  c o l l e c t o r  may be  com pu ted .
In  o r d e r  t o  p r o d u c e  an i o n  by e l e c t r o n  bo m bardmen t  
t h e  e l e c t r o n  m u s t  s t r i k e  t h e  m o l e c u l e  w i t h  s u f f i c i e n t  
e n e r g y  t o  e x p e l  a n o t h e r  e l e c t r o n .  S i n c e  t h e  e n e r g y  o f  
t h e  e l e c t r o n  beam can be  v a r i e d ,  i t  i s  p o s s i b l e  t o ' ^
/AC
de ten i i i i iG  i l io  minimum e n e r g y  n e c e s s a r y  t o  i j r o d u c e  i o n s  
f rom a g i v e n  m a t e r i a l  ( i o n i s a t i o n  p o t e n t i a l ) .  T h i s  can  
be  done  by o b s e r v a t i o n  o f  t h e  i o n  c u r r e n t  a t  v a r i o u s  
e l e c t r o n  e n e r g i e s .
As t h e  i o n i s a t i o n  p o t e n t i a l  e n e r g y  i s  i n c r e a s e d ,  t h e  
a b u n d a n c e  o f  t h e  m o l e c u l a r  i o n  a l s o  i n c r e a s e s ,  u n t i l  t h e  
e n e r g y  i s  s u f f i c i e n t  t o  c a u s e  d i s s o c i a t i o n  o f  t h e  m o l e c u l a r  
i o n ,  a d i s s o c i a t i o n  wh i ch  b e g i n s  a t  a d e f i n i t e  e n e r g y  v a l u e  
( t h e  a p p e a r a n c e  p o t e n t i a l  o f  t h e  f r a g m e n t  i o n )  t o  y i e l d  
an i o n  and a n e u t r a l  r a d i c a l .  T h i s  p r o c e s s  c an  be  r e p r e s ­
e n t e d  t h u s  :
e + XÏ  — V XY+ *  2e
XI"^ — > X-*- + Ï  o r  X + !■*■
Given  s u f f i c i e n t  e n e r g y  b o t h  p o s s i b i l i t i e s  o c c u r ,  b u t  
n o r m a l l y  one  o f  t h e s e  d i s s o c i a t i o n s  w i l l  h a v e  a l o w e r  
a p p e a r a n c e  p o t e n t i a l  and i t  w i l l  t h e r e f o r e  be  t h e  one  
f a v b u r e d .
C r a c k i n g  p a t t e r n s  ^
As t h e  e l e c t r o n  e n e r g y  i s  f u r t h e r  i n c r e a s e d ,  t h e  
f r a g m e n t a t i o n  o f  t h e  m o l e c u l e  becomes  more  an d  more  
e x t e n s i v e  u n t i l  t h e  e n e r g y  i m p a r t e d  t o  t h e  m o l e c u l e  becomes  
s u f f i c i e n t  t o  a l l o w  f r a g m e n t a t i o n  o f  any bo nd ,  and  u n d e r  
su c h  c o n d i t i o n s  o r g a n i c  m o l e c u l e s  f r a g m e n t  i n  v e r y  many 
ways t o  g i v e  g r e a t  v a r i e t y  o f  i o n s  o f  d i f f e r e n t  
a b u n d a n c e s .  T h i s  i s  t h e  c r a c k i n g  p a t t e r n  and  i n d i v i d u a l  
compounds h a v e  d i s t i n c t  c r a c k i n g  p a t t e r n s ,  i f  n o t  ixT t h e
Im a s s / c h a r g e  r a t i o s  o f  t h e  i o n s  a t  l e a s t  i n  t h e i r  r e l a t i v e  
i n t e n s i t i  e s ,
Ap p l i c a t i o n  o f  mas s  s p e c t r o m e t r y .
To t h e  o r g a n i c  c h e m i s t ,  t h e  m o s t  i n t e r e s t i n g  a p p l i c a t i o n  
o f  mas s  s p e c t r o m e t r y  i s  i t s  u s e  i n  t h e  d e t e r m i n a t i o n  o f  
m o l e c u l a r  s t r u c t u r e .
I t  c an  be  u s e d  t o  d e t e r m i n e  m o l e c u l a r  w e i g h t s ,  d e d u c e  
m o l e c u l a r  f o r m u l a e ,  e l u c i d a t e  s t r u c t u r a l  d e t a i l s  ( f u n c t i o n a l  
g r o u p s )  and  t o  d e c i d e  b e t w e e n  a l t e r n a t i v e  s t r u c t u r e s .
The d a t a  c a n  be  p r e s e n t e d  i n  a t a b u l a r  f o r m ,  l i s t i n g  
t l i e  mas s  n u m b e r s  o f  t h e  pe a l t s  a nd  t h e i r  i n t e n s i t i e s .  The 
l a t t e r  a r e  e x p r e s s e d  i n  r e l a t i o n  t o  t h e  m o s t  i n t e n s e  p e a k  
o f  t h e  s p e c t r u m  w h i c h  i s  a s s i g n e d  an  a r b i t r a r y  v a l u e  o f  
100.
The mass  s p e c t r u m  can  a l s o  be  p r e s e n t e d  i n  t h e  fo rm  
o f  a d r a w i n g ^ r e l a t i v e  a b u n d a n c e  ( o r d i n a t è )  o f  t h e  f r ag m ^ n l s  ' 
t o  t h e i r  m a s s - t o - c h a r g e  r a t i o  ( a b s c i s s a ) .  The r e l a t i v e  
i n t e n s i t i e s  o f  t h e  p e a k s  a r e  t h u s  c l e a r l y  r e c o g n i s a b l e  
a s  a r e  t h e i r  m a s s e s .
I n  c o m p a r i n g  i n d i v i d u a l  s p e c t r a ,  t h e  r e l a t i o n s h i p  
b e t w e e n  t h e  i n t e n s i t y  o f  a g i v e n  p e a k  and  t h e  t o t a l  
i n t e n s i t y  o f  t h e  s p e c t r u m  i . e .  t h e  sum o f  t h e  i n t e n s i t i e s  
o f  a l l  pealcs  i s  i m p o r t a n t .  The i n t e n s i t y  o f  a p e a l t ,  i n  
p e r  c e n t  o f  t h e  to ta l  i o n i s a t i o n  t h e n  i n d i c a t e s  t h e  e x t e n t  
t o  w h i c h  t h e  i n i t i a l l y  f o r m e d  m o l e c u l a r  i o n s  d e c o m p o s e  
t o  t h i s  f r a g m e n t .  T h i s  t y p e  o f  i n t e n s i t y ' s  n o r m a l l y  
r e q u i r e d  i n  t h e  i n t e r p r e t a t i o n  o f  s p e c t r a .  To o b t â i n
t h i s  v a l u e ,  i t  i s  n e c e s s a r y  t o  m e a s u r e  a l l  p e a k s  f o r  
t h i s  s u m m a t i o n .  Howeve r ,  t h i s  i s  n o t  p o s s i b l e  i f  t h e  
s p e c t r u m  was n o t  s c a ù n e d  o v e r  t h e  e n t i r e  r a n g e  f o r  M/e  
=1 t o  t h e  m o l e c u l a r  w e i g h t .
A 3
O b j e c t  o f  p r e s e n t  w o r k ;
The m as s  s p e c t r a  o f  2 , 2 ' - d i m e t h y l -  and  8 , 8 ' - d i m e t h y l -  
1,  1 ' - b i n a p h t h y l  w e r e  de t e rmined  i n  o r d e r  t o  c o m p a r e  t h e  
f r a g m e n t a t i o n  p a t t e r n s  o f  t h e s e  two compounds  w h i c h  
d i f f e r  i n  t h e  o r i e n t a t i o n  o f  t h e  m e t h y l  g r o u p s . The 
d i f f e r e n c e  i n  t h e  o r i e n t a t i o n  o f  t h e  m e t h y l  g r o u p s  g i v e s  
r i s e  t o  d i f f e r e n c e s  i n  t h e  s t e r i c  s t r a i n  i n  t h e  m o l e c u l e s .  
I t  was  t h o u g h t  t h a t  s t e r i c  s t r a i n  m i g h t  i n f l u e n c e  t h e
e a s e  o f  f r a g m e n t a t i o n  a t  -------- CH^ b o n d s  a n d  a t  t h e
i n t e r a n n u l a r  b o n d .
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R e s u l t s
I n t e n s i t i e s  o f  i o n s  o f  d i f f e r e n t  m a s s e s :
8 $8 ' - D i m e t h y l - 1 , 1 ' - b i n a p h t h y l  2 , 2 ' - D i m e t h y l - 1 , 1 ' - b i n a p h t h y l  
M/e
io I n t e n s i t y )
M/e
io I n t e n s i t y  
M/e ) 
io I n t e n s i t y  
M/e
^  I n t e n s i t y
The i n t e n s i t i e s  t a b u l a t e d  a bo v e  we re  more  i m p o r t a n t
s
i n  t h e  d : ^ u s s i o n  on  t h i s  work and  t h e y  w e re  c a l c u l a t e d  
a s  a  p e r c e n t a g e  o f  t h e  i n t e n s i t y  o f  t h e  m o l e c u l a r  i o n  
o f  M/e 2 8 2 . 2  ( t a l t e n  a s  lOO^b). However ,  i n  t h e  s p e c t r u m ,  
t h e  o t h e r  m i n o r  p e a k s  a r e  a l s o  g i v e n .  U s i n g  t h e  1 , 1 ' -  
b i n a p h t h y l  lOn a s  t h e  100' /  i n t e n s i t y  peal t  f o r  t h e  8 , 8 ' -  
d i m e t h y l - 1 , 1 ' - b i n a p h t h y l  wou ld  make t h e  c o m p a r i s o n  b e t w e e n  
t h e  two compounds  d i f f i c u l t .
2 6 8 . 3  ' 2 6 8 . 3
9 3 . 3 6 0 . 0
2 5 2 . 3 2 5 2 . 3
1 2 0 . 0 5 4 . 5
1 4 1 . 2 1 4 1 . 2
1 1 . 1 1 6 . 4
1 2 6 . 2 1 2 6 . 2
2 6 . 7 1 8 . 2
I( i i i )  DISCUSSION OP RESULTS: r é c o g n i t i o n
o f  s t e r i c  s t r a i n .
K, Beimann (Mass S p e c t r o m e t r y , 1962 ,  p . 144 ,  McGraw- 
H i l l  Book Company,  I n c . , )  h a s  d i s c u s s e d  t h e  mass  s p e c t r a  
o f  i s o m e r i c  compounds .  The mass  s p e c t r a  o f  o p t i c a l  
i s o m e r s  and  o f  t h e  c o r r e s p o n d i n g  r a c e r a i c  compounds ,  a r e  
i d e n t i c a l .  T h i s  i s  due  t o  t h e  f a c t  t h a t  i n  t h e  b o t h  d - f o r m  
and  1 - f o r m  a l l  bond  e n e r g i e s  and  a l l  f r a g m e n t s  t h a t  c an  
be  f o r m e d  f rom them a r e  i d e n t i c a l .
a
The mass  s p e c t r a  o f  a l i p h a t i c  d ^ s t e r e o i s o m e r s  a r e  u-^uaiy 
a l s o  s i m i l a r  and  t h i s  i s  t a k e n  t o  be  due  t o  a  l a r g e  e x t e n t  
t o  t h e  e a s e  o f  r o t a t i o n  a l o n g  t h e  bonds  a t t a c h e d  t o  t h e  
a s y m m e t r i c  c e n t r e s .
However ,  t h e  mass  s p e c t r a  o f  some a l i p h a t i c  compounds  
show s i g n i f i c a n t  d i f f e r e n c e s  and  i t  i s  p o s s i b l e  i n  c e r t a i n  
c a n e s  t o  d e d u c e  t h e  s t e r e o c h e m i s t r y  o f  t h e  m o l e c u l e  f rom 
t h e  mass  s p e c t r a .  K.Biemann  and  J . S e i b l  ( J .  Amer . Chem.
S o c . , 1959 ,  8_1, 3149)  i n v e s t i g a t e d  t h e  mass  s p e c t r a  o f  
e p i r a e r i c  c y c l i c  a l c o h o l s  and  t h e y  o b s e r v e d  t h a t  t h e  s p e c t r a  
o f  e p i m e r s ,  w h i c h  a r e  i n  g e n e r a l  v e r y  s i m i l a r  a s  i s  t o  
be  e x p e c t e d ,  d i f f e r  d i s t i n c t l y  i n  t h e  a b u n d a n c e  o f  t h e  
m o l e c u l a r  i o n ,  M^. T h i s  p e a k  was f o u n d  t o  be  more  i n t e n s e  
i n  t h e  s p e c t r u m  o f  t h e  l e s s  c ro w de d  ep i r aer  ( e q u a t o r i a l  
h y d r o x y l )  o f  s e c o n d a r y  a l c o h o l s ,  w h e r e a s  i n  t e r t i a r y
a l c o h o l s ,  t h e  e p i m e r  w i t h  t h e  a x i a l  h y d r o x y l  and  e q u a t o r i a l
s +
a l k y l  g r o u p  e x h i b i i ^ t h e  more  i n t e n s e  M p e e k .
Eo r  b o r n e o l  I ,  t h e  i n t e n s i t y  o f  t h i s  p e a k  was  f o u n d
t o  t e  0 . 1 7  p e r c e n t ,  w h i l e  i t  i s  o n l y  0 . 1 4  p e r c e n t  f o r  
i s o b o r n e o l ,  11 .
OH
The a u t h o r s  i n t e r p r e t e d  t h i s  e f f e c t  a s  a c o n s e q u e n c e  o f  
a  d i f f e r e n t  r a t e  o f  d e c o m p o s i t i o n  i n t o  f r E g m e n t s  o f  t h e  
m o l e c u l a r  i o n  (M^),  f o rm ed  on e l e c t r o n  i m p a c t ,  w h i c h  i s  
s l o w e r  i n  t h e  c a s e  o f  t h e  more  s t a b l e  i o n  M^.
T hese  f i n d i n g s v e r e  b e s t  e x p l a i n e d  on t h e  a s s u m p t i o n  
t h a t  t h e  s t r a i n  r e l i e f  e x p e r i e n c e d  by t h e  m o l e c u l a r  i o n  
u p o n  f r a g m e n t a t i o n  p r o v i d e s  a  g r e a t e r  d r i v i n g  f o r c e  i n  
t h e  more  c ro w ded  m o l e c u l a r  i o n  t h a n  i n  t h e  l e s s  c ro w de d  
o n e .  The two o t h e r  s t e p s  i n  t h e  o v e r a l l  r e a c t i o n ,
M ------>  M'*' ------ >  F'*’
i . e .  t h e  i o n i s a t i o n  o f  t h e  m o l e c u l e  and  t h e  d r i v i n g  f o r c e  
due  t o  t h e  e n e r g i e s  o f  t h e  f r a g m e n t s ,  m u s t  be  t h e  same 
i n  b o t h  e p i m e r s  b e c a u s e  t h e  s t a b i l i t y  o f  t h e  f r a g m e n t s  
p r o d u c e d  m u s t  be  t h e  same s i n c e  t h e  f r a g m e n t s  t h e m s e l v e s  
a r e  i d e n t i c a l  i n  b o t h  c a s e s ,  a s  e v i d e n c e d  by t h e  o t h e r w i s e  
g r e a t  s i m i l a r i t y  o f  t h e  mass  s p e c t r a .  Hence  a  s e c o n d a r y  
a l c o h o l  w i t h  t h e  h y d r o x y l  g r o u p  i n  t h e  more  c ro w d e d  
p o s i t i o n  w i l l  y i e l d  a  m o l e c u l a r  i o n  w h i c h  h a s  a  g r e a t e r  
t e n d e n c y  t o  decom pos e  ( an d  show l e s s  i n t e n s e  p e a k )
/<=?“?
t h a n  i t s  l e s s  c row ded  e p i m e r .  S i n c e  a h y d r o x y l  g r o u p  
r e q u i r e s  l e s s  s p a c e  t h a n  ah a l k y l  g r o u p ,  t h e  s i t u a t i o n  
i s  r e v e r s e d  i n  t h e  c a s e  o f  t e r t i a r y  a l c o h o l s .
The a u t h o r s  a l s o  f o u n d  t h a t  t h e  s p e c t r a  o f  t h e  a c e t a t e s  
o f  s e c o n d a r y  a l c o h o l s  *how t h e  same e f f e c t ,  e n h a n c e d  due  
t o  t h e  l a r g e r  s i z e  o f  t h e  a c e t o x y  g r o u p  co mp ar ed  w i t h  
h y d r o x y l .  The m a i n  d i f f e r e n c e  i n  t h e  d e c o m p o s i t i o n  o f  
M a p p e a r e d  t o  be  i n  t h e  p a t h  l e a d i n g  t o  t h e  f r a g m e n t  
o f  M-18 ( o r  M-60 f o r  t h e  a c e t a t e s )  whose  a b u n d a n c e  was 
i n  t u r n  g r e a t e r  f o r  t h e  more  c rowd ed  e p i m e r .
I t  Can t h e r e f o r e  be o b s e r v e d  t h a t  t h e  m e t h o d  o f  
c o m p a r i n g  i n t e n s i t i e s  can  be  u s e d  t o  compa re  t h e  m a g n i t u d e  
o f  s t e r i c  s t r a i n  i n  two m o l e c u l e s ,  and  t h e r e f o r e  t h e  
g r o u n d  s t a t e s  o f  s u c h  s t r a i n e d  s y s t e m s .
The r e s u l t s  f rom t h e  p r e s e n t  work show t h a t  t h e  
p e r c e n t a g e  i n t e n s i t y  o f  t h e  i o n  f o r m e d  f rom t h e  m o l e c u l a r  
i o n  M**", by l o s s  o f  a m e t h y l  g r o u p  r e l a t i v e  t o  t h a t  o f  t h e  
p a r e n t  i o n  i t s e l f ,  i s  9 3 \ 3  f o r  8 , 8 ’- d i m e t h y l - 1 , 1 ’- b i n a p h ­
t h y l  and  6 0 , 0  f o r  2 , 2 ’- d i m e t h y l - 1 , 1 ’- b i n a p h t h y l .  T h i s  
s t a g e  Can be  r e p r e s e n t e d  a s  :
4-
+ 4-
t  'CM
However ,  t h e  s p e c t r a  a r e  s i m i l a r ,  i n d i c a t i n g  t h a t  
t h e  f r a g m e n t a t i o n  p r o c e s s  i s  t h e  same i n  b o t h  compounds#
The above  o b s e r v a t i o n s ,  t h e r e f o r e  i n d i c a t e  t h a t  t h e  
m o l e c u l a r  i o n  f o r m e d  f rom 8 , 8 ’- d i m e t h y l - 1 , 1 ’- b i n a p h t h y l  
and  t h e  s t r a i n  r e l i e f  e x p e r i e n c e d  by t h e  m o l e c u l a r  i o n  
up o n  f r a g m e n t a t i o n  p r o v i d e s  t h e  g r e a t e r  d r i v i n g  f o r c e  i n  
t h e  c a s e  o f  8 , 8 ’- d i m e t h y l - 1 , 1 ’- b i n a p h t h y l  t h a n  i n  t h e  
l a t t e r #
M e th y l  g r o u p s  i n  a - p o s i t i o n s  p o s s e s s  g r e a t e r  c o n j -  
u g a t i v e  i n t e r a c t i o n  t h a n  do t h o s e  i n  p - p o s i t i o n s .  I t  s h o u l d  
t h e r e f o r e  be e a s i e r  t o  remove  p - m e t h y l  g r o u p s  f rom t h e
n a p h t h a l e n e  r e s i d u e s ,  t h a n  i t  i s  w i t h  a - m e t h y l  g r o u p s #
au
I t  i s  t h e r e f o r e  r ^ o n a b l e  t o  s u p p o s e  t h a t  t h e  a b o v e  
o b s e r v a t i o n  i s  due  t o  g r e a t e r  s t e r i c  s t r a i n  i n  8 , 8 ’- d i m e t h y l  
- 1 , 1 ’- b i h a p h t h y l .
M o r e o v e r ,  t h e r e  i s  more  1 , 1 ’- b i n a p h t h y l  i o n  p r o d u c e d  
f rom 8 , 8 ’- d i m e t h y l - 1 , 1 ’- b i n a p h t h y l  t h a n  i s  t h e  c a s e  w i t h  
2 , 2 ’- d i m e t h y l - 1 , 1 ’- b i n a p h t h y l #  T h i s  f o l l o w s  f rom t h e  
f a c t  t h a t  t h e  l o s s  o f  t h e  s e c o n d  m e t h y l  g r o u p  i s  e a s i e r  
i n  t h e  f o r m e r  compound t h a n  i s  i n  t h e  l a t t e r  an d  i t  i s
a l s o  c o n s i s t e n t  w i t h  t h e  g r e a t e r  a b u n d a n c e  o f  t h e  8 -  
m e t h y l - 1 , 1 ’- b i n a p h t l i y l  i o n .  I t  s h o u l d  be  n o t e d  t h a t  
t h i s  i o n ,  f o r m e d  f rom 8 , 8  ’- d i ( ÿ e t h y l - 1 ,1  ’- b i n a p h t h y l  by 
l o s s  o f  one  m e t h y l  g r o u p  i s  more  s t e r i c a l l y  s t r a i n e d  
t h a n  t h a t  f o r m ed  f rom 2 , 2 ’- d i m e t h y l - 1 , 1 ’- b i n a p h t h y l .
T h i s  i s  due  t o  t h e  f a c t  t h a t  t h e  r e m a i n i n g  CH^ g r o u p ,  i n  
t h e  8 - p o s i t i o n  i n d u c e s  g r e a t e r  s t e r i c  s t r a i n  i n  t h e  m o l e ­
c u l e  t h a n  i t  d o e s  when i n  t h e  2 - p o s i t i o n .
The f r a g m e n t s  wh ic h  a r e  l o s t  a s  f r e e  r a d i c a l s ,  do 
n o t  g i v e  r i s e  t o  p e a l t s .  Hence  m e t h y l  g r o u p s  w h i c h  show 
no o b s e r v e d  p e a k  on t h e  s p e c t r a ,  a r e  l o s t  a s  f r e e  r a d i c a l s .
I t  i s  à l s o  o b s e r v e d  t h a t  f i s s i o n  o f  t h e  i n t e r a n n u l a r  
bond  i s  l e s s  e a s y  w i t h  8 , 8 ’- d i m e t h y l - 1 , 1 ’- b i n a p h t h y l  t h a n  
i t  i s  w i t h  2 , 2 ’- d i m e t h y l - 1 , 1 - i b i n a p h t h y l ,  a s  s e e n  f rom t h e  
p e r c e n t a g e  i n t e n s i t i e s  o f  t h e  i o n  o f  Mass = 141 o f  t h e  
f r a g m e n t s  i
M
The p e r c e n t a g e  i n t e n s i t i e s  a r e  1 1 . 1  and  1 6 . 4  r e s p e c t ­
i v e l y .  T h i s  d i f f e r e n c e  can  be  e x p l a i n e d  on t h e  b a s i s  
t h a t  g r e a t e r  e a s e  o f  l o s s  o f  a m e t h y l  g r o u p  f rom t h e  
m o l e c u l a r  i o n ,  o f  8 , 8 ’- d i m e t h y l *  makes  t h i s  s t e p  much
f a s t e r  t h a n  i t  d o e s  i n  t h e  c a s e  o f  2 , 2 ’- d i m e t h y l - 1 , 1 ’-  
b i n a p h t h y l ,  and  b e c a u s e  o f  t h i s ,  t h e  i n t e n s i t y  o f  t h e
2 0 0
f r a g m e n t  o f  Mass = I 4 l  i s  l e s s  i n  t h e  s p e c t r u m  o f  t h e  
f o r m e r  compound.
The i o n  a t  M/e = 1 2 6 . 2  ( t h e  n a p h t h a l e n e  i o n )  f o r m ed  
f rom 8 , 8 ’- d i m e t h y l - 1 , 1 ’- b i n a p h t h y l  h a s  a 2 6 . 2 ^  i n t e n s i t y  
w h e r e a s  t h a t  f o r  2 , 2 ^ - d i m e t h y l - 1 , 1 ’- b i n a p h t h y l  h a s  an  
i n t e n s i t y  o f  1 8 . 2 ^ .  T h i s  c an  be due  t o  g r e a t e r  a b u n d a n c e  
o f  t h e  1 , 1 ’- b i n a p h t h y l  i o n  i n  t h e  f o r m e r  c a s e ,  w h i c h  c an  
f r a g m e n t  t o  g i v e  more  o f  t h e  n a p h t h a l e n e  i o n  t h a n  i n  t h e  
l a t t e r  c a s e .
D e t e r m i n a t i o n  o f  a p p e a r a n c e  p o t e n t i a l s  wo u l d  be  
h e l p f u l  i n  s h o w in g  t h e  d i f f e r e n c e  i n  t h e  e a s i n e s s  o f  l o s s  
o f  m e t h y l  g r o u p s  f rom t h e  t w o  compounds  and  t h i s  m i g h t  
h e l p  t o  c o n f i r m  t h e  g r e a t e r  s t e r i c  s t r a i n  i n  8 , 8 ’- d i m e t h y l — 
],l’- * b i n a p h t h y l  i n  i t s  g r o u n d  s t a t e .
I n t e r p r e t a t i o n  o f  r e s u l t s  b e l o w  M/e = 100 i s  n o t  
e a s y  b e c a u s e  t h e  f r a g m e n t a t i o n  p a t t e r n  i s  n o t  w e l l  known.  
But  i t  i s  o b s e r v e d  t h a t  t h e  r a t i o  o f  t h e  i n t e n s i t i e s  o f  
t h e  p e a k s  f o r  one  compound,  a r e  r e v e r s e d  i n  t h e  o t h e r  
compound.
2 0  1
D e t e r m i n a t i o n  o f  I o n i s a t i o n  and  A p p e a r a n c e  P o t e n t i a l s  f o r
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I . P .  f o r  Mel = 9 . 6 1  eV 
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D e t e r m i n a t i o n  o f  I o n i s a t i o n  and  A p p e a r a n c e  P o t e n t i a l s  f o r
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Av e r ag e  d i f f e r e n c e  f o r
(p —Me) — +7.913 cm.
= 5 . 9 6  eV 
A . P .  f o r  Me = 9 , 6 1  + 3 . 9 6
=  1 3 . 5 7  e V  
A . P  ~-I R  = 5 - 1 0  «-V
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I o n i s a t i o n  and  a p p e a r a n c e  p o t e n t i a l s  f o r  t h e  m e t h y l  g r o u p s 
i n  2 , 2  *- d i m e t h y 1 - 1 , 1 ' - b i n a p h t h y l  and  8 , 8  *- d i m e t h y l - 1 ,1  
b i n a p h t h y l .
R e s u l t s  :
2 - 2  *- D i m e t h y l - 1 , 1 * - b i n a p h t h y l  8 , 8  *- D i m e t h y 1 - 1 , 1 * - b i n a p h t h y l
I o n i s a t i o n  P o t e n t i a l  ( l . P )  8 , 4 7 e V  8 . 1 7 e V
A p p e a r a n c e  P o t e n t i a l  ( A . P ) l 3 . 5 7 e V  l l , 7 6 e V
A . P . - I . P .  =  5 . 1 0 e V  3 . 5 9 e V
SLo/ cA aj
The r e s u t t s  a r e  shown on t h e  g r a p h  on p .  w h i c h  i s  a p l o t
o f  p e r c e n t a g e  i o n  c u r r e n t  a t  50eV a g a i n s t  e l e c t r o n  beam
e n e r g y .
2.0H
P i  s e u s s i on
I t  i s  o b s e r v e d  t h a t  t h e  l . P .  f o r  2 , 2 * - d i m e t h y l - l , 1  
b i n a p h t h y l  ( 8 . 4 7 e V )  i s  h i g h e r  t h a n  t h a t  f o r  8 , 8  * - d i m e t h y l -  
- 1 , 1  * - d i h a p h t h y l  an d  t h i s  i s  t  alt en  t o  i n d i c a t e  t h a t  i n  
t h e  f o r m e r  Éfompound t h e r e  i s  l e s s  e l e c t r o n  d e l o c a l i s a t i o n  
a s  a r e s u l t  o f  l e s s  p l a n a r i t y ,  a n d  t h e  r e m o v a l  o f  t h e  
e l e c t r o n  i s  t h e r e f o r e  mo re  d i f f i c u l t  t h a n  i s  t h e  c a s e  w i t h  
t h e  l a t t e r  co mpound ,  w h i c h  a s  a  r e s u l t  o f  g r e a t e r  p l a n a r i t y  
h a s  g r e a t e r  d e l o c a l i s a t i o n .
M o r e o v e r ,  t h e  d i f f e r e n c e  b e t w e e n  t h e  l . P .  a n d  A . P .
( a . P .  f o r  t h e  m e t h y l  g r o u p )  i s  5 . lOeV f o r  2 , 2 * - d i m e t h y l -  
1 , 1 ' - b i n a p h t h y l  a n d  i t  i s  l a r g e r  t h a n  t h a t  f o r  8 , 8 * - d i m e t h y l -  
1 , 1 ' - b i n a p h t h y l  ( 3 . 5 9 e V ) .  T h i s  i n d i c a t e s  t h a t  m o r e  e n e r g y  
i s  r e q u i r e d  t o  r e m o v e  a -CH^ g r o u p  f r o m  t h e  2 , 2  *- d i m e t h y l -  
1 , 1 ’- b i n a p h t h y l  i o n  ( t o  g i v e  t h e  P-CH^ i o n )  t h a n  i s  t h e  c a s e  
w i t h  t h e  8 , 8 ’- d i m e t h y l - 1 , 1 ^ - b i n a p h t h y l  i o n .  T h i s  i s  
c o n s i s t e n t  w i t h  t h e  i d e a  t h a t  8 , 8 ’- d i m e t h y l - 1 , 1 ’- b i n a p h t h y l  
i s  a much m o re  s t e r i c a l l y  s t r a i n e d  m o l e c u l e  t h a n  2 , 2 ’- d i m e t h y l -  
1 ,  1 ’- b i n a p h t h y l  a n d  i t  t h e r e f o r e  c a n  l o s e  i t s  -CH^ g r o u p  
much m o re  e a s i l y  t h a n  2 , 2 ’- d i m e t h y l - 1 , 1 ’- b i n a p h t h y l  c a n .
T h e s e  r e s u l t s  c o n f i r m  t h e  d e d u c t i o n s  o b t a i n e d  f r o m  t h e  
c o m p a r i s o n  o f  t h e  p e r c e n t a g e  i n t e n s i t i e s  o b t a i n e d  f r o m  t h e  
m a s s  s p e c t r a .
Z  OtT
( 1 1 )  GENEKAL CONCLUSIONS
The o p t i c a l  s t a b i l i t y  s t u d y  o f  8 * - m e t h y l - l , 1 * - b i n a p h -  
t h y l - 8 - c a r b o x y l i c a c i d  an d  c o m p a r i s o n  w i t h  t h a t  o f  8 -
m e t h y l - 1 , 1 *- b i n a p h t h y l  h a s  l e d  t o  t h e  c o n c l u s i o n  t h a t
\
t h e  c a r b o x y l  g r o u p  a f f e c t s  t h e  s t e r i c  p r e s s u r e s  i n  t h e  
g r o u n d  s t a t e  o f  t h e  m o l e c u l e  b u t  n o y  i n  t h e  t r a n s i t i o n  
s t a t e  f o r  r a c é m i s a t i o n .  D i f f e r e n c e s  i n  t h e  g r o u n d  s t a t e  
s t r a i n  o f  t h e  m o l e c u l e s  h a d  a l r e a d y  b e e n  o f f e r e d  a s  a  
p a r t i a l  e x p l a n a t i o n  f o r  d i f f e r e n c e s  o b s e r v e d  b e t w e e n  t h e  
o p t i c a l  s t a b i l i t i e s  o f  8 , 8 ’- s u b s t i t u t e d  a n d  2 , 2  *- s u b s t i t ­
u t e d  1 , 1 ’- b i n a p h t h y l s  an d  t h e  p r e s e n t  work  s u p p o r t s  t h i s  
c o n c l u s i o n .
The r e m a r k a b l e  n e a r - i d e n t i t y  o f  t h e  r a c é m i s a t i o n  
p a r a m e t e r s  o f  t h e  compounds  w i t h  a n d  w i t h o u t  t h e  c a r b o x y l i c  
a c i d  g r o u p ,  made  c o n f i r m a t i o n  o f  t h e  o r i e n t a t i o n  o f  t h i s  
g r o u p  a  n e c e s s i t y .  The f o l l o w i n g  r a c t i o n  s e q u e n c e s  do 
t h i s
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2 ,  2 ’- D i m e t h y l - 1 , 1 ' - b i n a p h t h ^ ) !  d i d  n o t  r a c e m i s e  e v e n  
when k e p t  a t  290°  f o r  a b o u t , 40 h o u r s .  At  t h i s  t e m p e r a t ­
u r e  i t  s t a r t e d  t o  d e c o m p o s e .  T h i s  r e s u l t  i s  s t r i k i n g  i n  
c o m p a r i s o n  w i t h  t h e  E f o r  r a c é m i s a t i o n  ( 2 ? . 5 8 K c a l .  m o l e  ^ . )  
f o r  t h e  8 , 8 ’- i s o m e r .
2 0 7
From u l t r a v i o l e t  and  n u c l e a r  m a g n e t i c  s p e c t r a l  
r e s u l t s ,  i t  c a n  be  c o n c l u d e d  t h a t  t h e  g r o u n d  s t a t e  o f  
8 , 8 ’- s u b s t i t u t e d  1 , 1 ’- b i n a p h t h y l s  i s  much m or e  s t r a i n e d  
t h a n  t h a t  o f  2 , 2 ’ - s u b s t i t u t e d  1 , 1 ’- b i n a p h t h y l s , a n d  t h a t  
i n  o r d e r  t o  r e l i e v e  t h i s  s t e r i c  s t r a i n  t h e  s u b s t i t u e n t s  
u h d e r g o  i n - p l a n e  a nd  o u t - o f - p l a n e  d i s t o r t i o n s .  As a  
r e s u l t  o f  t h e s e  d i s t o r t i o n s ,  t h e  n a p h t h a l e n e  r e s i d u e s  
i n  t h e  8 , 8 ’- s u b s t i t u t e d  1 , 1 ’- b i n a p h t h y l s  l i e  n e a r e r  t o
a p l a n a r  s t a t e  t h a n  t h o s e  o f  t h e  2 , 2 ’- s u b s t i t u t e d  1 , 1 ’-
t
b i n a p h t h y l s .  M o r e o v e r ,  a s e c o n d  s u b ^ t u e n t  i n c r e a s e s  t h e  
d i s t o r t i o n s .
Mass  s p e c t r a l  r e s u l t s ,  show t h a t  t h e   CH^ b o n d
b r e a k s  mo re  e a s i l y  i n  8 , 8 ’- d i m e t h y l - 1 , 1 ’- b i n a p h t h y l  
c o m p a r e d  t o  t h a t  i n  2 , 2 ’- d i m e t h y l - 1 , 1 ’- b i n a p h t h y l  a n d  
shows  t h a t  t h e  f o r m e r  h a s  g r e a t e r  g r o u n d  s t a t e  s t r a i n  
t h a n  t h e  l a t t e r .
The r e s u l t s  o b t a i n e d  f r o m  O .R . D .  a n d  C.D.  c u r v e s  
h a s  e n a b l e d ,  by  r e l a t i o n  t o  p r e v i o u s l y  e s t a b l i s h e d  
c o n f i g u r a t i o n s ,  a s s i g n m e n t s  o f  c o n f i g u r a t i o n s  t o  t h e  1 , 1 -  
b i h a p h t h y l s .
The f o l l o w i n g  compounds  h a v e  b e e n  n e w l y  a s s i g n e d  
t h e  S - c o n f i g u r g , t i o n s
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I t  h a s  b e e n  o b s e r v e d  t h a t  t h e  n a t u r e  o f  s u b s t i t u e n t s  
d o e s  n o t  a l t e r  t h e  s i g n  o f  t h e  C o t t o n  e f f e c t  o f  t h e  1 ,1* -  
b i n a p h t h y l  s y s t e m ,  i n  t h e  r e g i o n  220 -  231mp.  M o r e o v e r ,  
p o s i t i o n s  o f  s u b s t i t u e n t s  on  t h e  n a p h t h a l e n e  n u c l e u s  do 
n o t  a f f e c t  t h e  s i g n  o f  t h e  C o t t o n  e f f e c t  o f  t h e  1 , 1 * -  
b i n a p h t h y l  s y s t e m .  1 , 1  *- B i n a p h t h y l s  w i t h  t h e  same 
c o n f i g u r a t i o n s  a n d  h a v i n g  n o n - c h r o m o p h o r i c  g r o u p s  h a v e  
o p t i c a l  r o t a t i o n s  o f  t h e  same s i g n .  C h r o m o p h o r i c  g r o u p s  
a p p e a r  t o  c h a n g e  t h e  s i g n  o f  o p t i c a l  r o t a t i o n  o f  s u b s t i t ­
u t e d  1 , 1 ' - b i n a p h t h y l s .
I t  c a n  t h e r e f o r e  be  s a i d  t h a t  s u b s t i t u e n t s  a f f e c t  
t h e  g r o u n d  s t a t e s  o f  1 , 1 ' - b i n a p h t h y l s  b u t  do n o t  a l t e r  
t h e  s i g n  o f  t h e  C o t t o n  e f f e c t  o f  t h e  1 , 1 ' - b i n a p h t h y l  
s y s t e m  ( h e n c e  t h e y  do n o t  a l t e r  t h e  c o n f i g u r a t i o n s  o f  
t h e s e  c o m p o u n d s ) .
I n f r a r e d  s p e c t r a  o f  pu re  c r y s t a l l i n e  r a c e m i c  a n d  
o p t i c a l l y  a c t i v e ^ a c i d s  show t h a t  a  m i x t u r e  o f  m o l e c u l e s  
o f  o p p o s i t e  c o n f i g u r a t i o n  ( r a c e m i c  m i x t u r e )  g i v e s  r i s e  
t o  c r y s t a l s  t h a t  d i f f e r  f r o m  t h o s e  f o r m e d  f r o m  m o l e c u l e s  
o f  t h e  same c o n f i g u r a t i o n ,  ( o p t i c a l l y  a c t i v e  i s o m e r s ) .
2.0<?
The d i f f e r e n c e s  a r e  m o s t  o b v i o u s  i n  t h e  h y d r o x y l  a n d  c a r b o x y l  
r e g i o n s  a n d  a r e  t a k e n  t o  b e  d u e  t o  d i f f e r e n c e s  i n  h y d r o g e n  
b o n d i n g .
SYNTHETIC EJiPERINNNTÀL.
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P r e p a r a t i o n  o f  m e t l i y l - 8 ~ b r o m o ~ l - n a p h t h o a t e . 
Sche me :
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8 - B r o m o - l - n a p h t h o i c  a c i d
H,G.  R u l e ,  Vf. P u r s  e l l  a n d  R . R . H .  Brown ( J .  Chem. S o c . , 1 9 3 4 ,  1 6 8 )  
A . S . M e l l o r ,  Ph .  D. T h e s i s  ( L e n d . )  1 9 6 1 .
Y. B a d a r ,  P h .  D. T h e s i s  ( L e n d . )  1 9 6 4 .
( a )  M e r c u r i - c o m p o u n d .
N a p h t h a l i c  a n h y d r i d e  ( 2 4 8 g .  IM) was  d i s s o l v e d  i n  
a q u e o u s  s o d i u m  h y d r o x i d e  ( l 5 5 g .  i n  6 l i t r e s  o f  w a t e r )  a n d  
t h e  s o l u t i o n  was  f i l t e r e d  t h r o u g h  g l a s s  woo l  i n t o  a  20 l i t r e  
f l a s k  on a l a r g e  b o i l i n g  m a n t l e ,  a n d  b o i l e d  u n d e r  r e l u x  
f o r  15 m i n u t e s .
M e r c u r i c  o x i d e  ( 2 7 5 g .  1 .014^1)  d i s s o l v e d  i n  d i l u t e d  
a c e t i c  a c i d  ( 2 0 0 c . c «  g l a c i a l  a c e t i c  a c i d )  a n d  7 5 0 c . c .  o f  
w a t e r )  was  t h e n  a d d e d  a n d  t h e  r e a c t i o n  m i x t u r e  made  a c i d  
w i t h  g l a c i a l  a c e t i c  a c i d .
Zit
The r e a c t i o n  m i x t u r e  was t h e n  b o i l e d  f o r  90 h o u r s ,  
when no f u r t h e r  c a r b o n  d i o x i d e  was  e v o l v e d  a n d  no m e r c u r y  
was  d e p o s i t e d  on  a c o o p e r  w i r e  d i p p e d  i n t o  t h e  r e a c t i o n  
m i x t u r e ,  i n d i c a t i n g  c o m p l e t i o n  o f  r e a c t i o n .  The p r o d u c t  
was  f i l t e r e d  o f f ,  w a s h e d  w i t h  w a t e r ,  a nd  e t h a n o l ,  t h e n  
e t h e r  a n d  d r i e d .  A p a l e  c r e am  c o l o u r e d  s o l i d  ( 4 4 5 g .  , 96^^) 
was  o b t a i n e d ;  (A. S . M e l l o r ,  l o c .  c i t . ,  8 1 . 0 / 0 *
(b )  B r o m i n a t i o n  o f  t h e  m e r c u r i - c o m p o u n d :
A s t i r r e d  s u s p e n s i o n  o f  t h e  m e r c u r i - c o m p o u n d  ( 9 5 g . ) 
i n  a c e t i c  a c i d  ( 3 0 0 c . c .  a c e t i c  a c i d  i n  5 0 c . c .  w a t e r )  was  
c o o l e d  i n  a  f r e e z i n g  m i x t u r e  t o  - 1 0 ° .  To t h i s  was  a d d e d  
a s o l u t i o n  o f  b r o m i n e  ( 3 4 g . ) i n  a q u e o u s  s o d i u m  b r o m i d e  
s o l u t i o n  ( l 5 0 c . c .  o f  a  50fo s o l u t i o n ) ,  g r a d u a l l y  w i t h  
c o n s t a n t  s t i r r i n g ,  u s i n g  a m e c h a n i c a l  s t i r r e r .  The 
a d d i t i o n  t o o k  2 h o u r s ,  t h e  t e m p e r a t u r e  b e i n g  k e p t  b e l o w  
0 ° C .
The r e a c t i o n  m i x t u r e  was  a l l o w e d  t o  warm t o  room 
t e m p e r a t u r e  a n d  t h e n  h e a t e d  s l o w l y  t o  9 0 ° C, a f t e r  w h i c h  
i t  was  p o u r e d  i n t o  3 l i t r e s  o f  b o i l i n g  w a t e r  a n d  f i l t e r e d  
a s  h o t  a s  p o s s i b l e .  The r e s i d u e  was  e x t r a c t e d  by  b o i l i n g  
w i t h  a  f u r t h e r  1 l i t r e  o f  w a t e r ,  f i l t e r e d  h o t  a n d  t h e  
f i l t r a t e  a d d e d  t o  t h e  f i r s t  f i l t r a t e .
8 - B r o m o - l - n a p h t h o i c  a c i d  wad d e p o s i t e d  on  c o o l i n g  
( 5 1 g . )  m . p .  1 6 9 - 1 7 1 ° .  R e c r y s t a l l i z a t i o n  f r o m  b e n z e n e  
g a v e  t h e  bromo a c i d ,  4 2 g .  ( 65 .3?^)  m . p .  1 7 4 - 1 7 6 °  ( w i t h  
s h r i n k a g e  a t  1 7 0 ° ) .
C o n v e r s i o n  o f  8 - b r o m o - l - n a p h t h o i c a c i d  i n t o  m w t h y l - 8 -  
b r o m o - l - n a p l i t h o a t e  :
H . G . R u l e  a n d  A . J . G . B a r n e t ,  J .  Chem. S o c . , 1 9 3 2 ,  1 7 5 .
A . S . M e l l o r ,  Ph .  D. T h e s i s  ( L e n d . )  1 9 6 1 .
Y. B a d a r ,  Ph .  D. T h e s i s  ( L o n d . ) 1 9 6 4 .
8 - B r o m o - l - n a p h t h o i c  a c i d  ( l 0 9 g . ) was  d i s s o l v e d  i n  b e n z e n e  
( 7 5 0 c . c . )  by  b o i l i n g  u n d e r  r e f l u x .  T h i o n y l  c h l o r i d e  
( 4 0 c . c . )  was  a d d e d  s l o w l y  t o  t h e  b o i l i n g  s o l u t i o n  a nd  
t h e  m i x t u r e  b o i l e d  f o r  4'} h o u r s .
M e t h y l  a l c o h o l  ( 2 7 0 c . c . )  was  t h e n  a d d e d ,  v e r y  c a u t i o ­
u s l y ,  a n d  t h e  m i x t u r e  b o i l e d  f o r  a f u r t h e r  45 m i n u t e s .
The b e n z e n e  s o l u t i o n  was t h e n  w a s h e d  t ivdce  w i t h  w a t e r ,  
t w i c e  w i t h  lO^o a q u e o u s  s o d i u m  c a r b o n a t e ,  a n d  a g a i n  w i t h  
w a t e r .  A f t e r  d r y i n g  w i t h  a n h y d r o u s  m a g n e s i u m  s u l p h a t e ,  
t h e  b e n z e n e ,  was d i s t i l l e d  o f f  a n d  t h e  re^(8%.neder  d i s t i l l e d  
u n d e r  r e d u c e d  p r e s s u r e  (4 r am . )  u s i n g  an  a i r  c o n d e n s e r .  
M e t h y l  8 - b r o m o - l - n a p h t h o a t e  d i s t i l l e d  o v e r  a t  1 8 0 - 2 0 0 ° /  
4mm. a s  a p a l e  y e l l o w  o i l y  l i q u i d  w h i c h  s o l i d i f i e d  on  
c o o l i n g  a n d  l e a v i n g  t o  s t a n d  o v e r n i g h t ,  t o  g i v e  a p a l e  
g r a n u l a r  s o l i d .
Y i e l d  9 3 g .  (SO.O^i) ,  m . p .  3 8 - 3 9 ° .
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A t t e m p t e d  p r e p a r a t i o n  o f  8—m e t h y l - l - b r o m o n a p h t l i a l e n e : 
Scheme :  Br ch^oh
(a) ( b )
0T CHn
■>
T h i s  p r e p a r a t i o n  was f o l l o w i n g  a r e p o r t  by J .  I v a r a b a t o s ,  
R . L .  S h o r e  a n d  S . E .  , ' ^ i ep pe l e  ( T e t . L e t t s . , 1 9 6 4 ,  2 1 1 3 )  
on  l i t h i u m  a l u m i n i u m  h y d r i d e  r e d u c t i o n s  o f  e s t e r s  
c o n t a i n i n g  an  a r o m a t i c  h a l o g e n .  (An U l l m a n  r e a c t i o n  
b e t w e e n  8 - m e t h y l —1 - b r o m o n a p h t h a l e n e  an d  m e t h y l - 8 —br om o-  
1 - n a p h t h o a t e  was  e x p e c t e d  t o  g i v e  t h e  f o l l o w i n g  m i x t u r e  
o f  p r o d u c t s  ;
Cu b ro n z e
f r om  w h i c h  I  c o u l d  be  i s o l a t e d . )
Ho w ev e r ,  an  a t t e m p t  t o  p r e p a r e  8 - m e t h y l - 1 - b r o m o ­
n a p h t h a l e n e  g a v e  a - r a e t h y l n a p h t h a l e n e .  T h i s  i s  p o s s i b l y  
d u e  t o  p e r i - i n t e r a c t i o n  w h i c h  f o r c e s  t h e  b r o m i n e  o u t  o f  
t h e  p l a n e  o f  t h e  a r o m a t i c  n u c l e u s  t h u s  r e n d e r i n g  i t  
s u s c e p t i b l e  t o  r e p l a c e m e n t  b y  h y d r o g e n .  F o r  c o m p a r i s o n
Z i  4
a - m e t h y l n a p h t h a l e n e  was p r e p a r e d  f r o m  1 - n a p h t h o i c  a c i d  
a n d  t h e  p r o d u c t  g a v e  i d e n t i c a l  g a s  c h r o m a t o g r a m s .
(a )  A t t e m p t e d  c o n v e r s i o n  o f  M e t h y l  8 - b r o m o - l - n a p h t h o a t e  
i n t o  8 - h y d r o x y m e t h y 1 - 1 - b r o m o n a p h t h a l e n e  ;
J .  K a r a b a t s o s ,  R . L .  S h o r e  a n d  S . E .  S c h e p p e l e ,  T e t . 
L e t t s . , 1 9 6 4 ,  2 1 1 3 .
E .D .  Be rgman  a nd  J .  S z u s k o v i c z ,  J .  A u e r . Chem. S o c . 
1 9 5 1 ,  7 3 ,  5 1 5 3 .
D.M. H a l l  a n d  E . E .  T u r n e r ,  J .  Chem. S o c . ,  1 9 5 5 ,  1 2 4 2 .  
L i t h i u m  a l u m i n i u m  h y d r i d e  ( 2 9 g .  3M) was  w e i g h e d  i n  
t h e  fume c u p b o a r d  an d  q u i c k l y  c o v e r e d  w i t h  s o d i u m - d r i e d r
e t h e r  ( 7 5 0 c .  c . )  i n  a t h r e e  l i t r e ,  t h r e e  n e c k  f l a s k  e q u i ^ d  
w i t h  a c o n d e n s e r  an d  a d r o p p i n g  f u n n e l .  M e t h y l - 8 - b r o m o -  
1 - n a p h t h o a t e  ( 6 . 6  g . ) i n  s o d i u m - d r i e d  e t h e r  was  a d d e d ,  
a d d i n g  I L  o f  e t h e r  i n  a l l  ( m a k i n g  1 7 5 0 c . c .  e t h e r  i n  
t h e  f l a s k ) .
The m i x t u r e  was  t h e n  h e a t e d  on  a w a t e r  b a t h  f o r  1^ 
h o u r s .  I n  o r d e r  t o  d e c o m p o s e  e x c e s s  L iA lH ^ ,  w e t  e t h e r  
a n d  t h e n  w a t e r ,  aj^oip a t  a t i m e ,  was  a d d e d ,  u n t i l  no 
f u r t h e r  b u b b l e s  w e r e  o b s e r v e d .  D i l u t e  s u l p h u r i c  a c i d  
(2N) was t h e n  a d d e d .  The e t h e r e a l  l a y e r  was  s e p a r a t e d ,  
t h e  a q u e o u s  l a y e r  e x t r a c t e d  w i t h  e t h e r  a n d  t h e  e x t r a c t  
a d d e d  t o  t h e  m a j o r  e t h e r e a l  s o l u t i o n .  A f t e r  w a s h i n g  t h e  
c o m b i n e d  e t h e r e a l  s o l u t i o n  w i t h  w a t e r ,  i t  was  d r i e d  o v e r  
a n h y d r o u s  m a g n e s i u m  s u l p h a t e ,  a n d  t h e  e t h e r  was  d i s t i l l e d  
o f f ,  t o  l e a v e  a  l i q u i d  p r o d u c t .  T h i n  l a y e r  c h r o m a t o g r a p h y
2 /b “
i n d i c a t e d  two p r o d u c t s  i n  u n e q u a l  p r o p o r t i o n s .
(b )  The t o t a l  p r o d u c t  f r om  ( a )  was  d i s s o l v e d  i n  b o i l i n g  
g l a c i a l  a c e t i c  a c i d  ( l O O c . c . ) .  B o i l i n g  h y d r o b r o m i c  a c i d  
( 3 0 c . c . )  was  a d d e d  an d  a y e l l o w i s h  l i q u i d  s e p a r a t e d .  More  
h y d r o b r o m i c  a c i d  ( 2 0 c . c . )  was  a d d e d  a n d  t h e  r e a c t i o n  
m i x t u r e  a l l o w e d  t o  c o o l . I t  was  t h e n  e x t r a c t e d  w i t h  
b e n z e n e ,  a n d  t h e  b e n z e n e  s o l u t i o n  w a s h e d  t w i c e  w i t h  w a t e r  ; 
a f t e r  d r y i n g  o v e r  a n h y d r o u s  m a g n e s i u m  s u l p h a t e ,  t h e  b e n z e n e  
was  d i s t i l l e d  o f f  an d  a y e l l o w  l i q u i d  o b t a i n e d .
( c )  The p r o d u c t  f r om  (b )  i n  s o d i u m - d r i e d  e t h e r  ( 5 0 0 c . c . )  
was a d d e d  t o  l i t h i u m  a l u m i n i u m  h y d r i d e  ( l . 4 g . )  i n
i n  s o d i u m - d r i e d  e t h e r  ( 7 5 0 c . c . ) .
The m i x t u r e  was h e a t e d  u n d e r  r e f l u x  f o r  2 h o u r s .
E x c e s s  l i t h i u m  a l u m i n i u m  h y d r i d e  was d e c o m p o s e d  w i t h  e t h y l  
a c e t a t e  a n d  e x c e s s  p o t a s s i u m  h y d r o x i d e  s o l u t i o n  was  a d d e d ,  
t h e  e t h e r e a l  l a y e r  was s e p a r a t e d  a n d  t h e  a q u e o u s  l a y e r  
e x t r a c t e d  w i t h  b e n z e n e - e t h e r  m i x t u r e .  The c o m b i n e d  o r g a n i c  
l a y e r s  w e r e  w a s h e d  w e l l  w i t h  w a t e r  a n d  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l p h a t e .
The s o l u t i o n  was f i l t e r e d  a n d  t h e  f l i t e r a t e  d e c o l o r i z e d  
w i t h  c h a r c o a l .  The o r g a n i c  s o l v e n t s  w e r e  d i s t i l l e d  o f f  
a n d  a  p a l e  y e l l o w  l i q u i d ,  2 . I g . , was  o b t a i n e d .
T h i s  p r o d u c t  was n o t  8 - r a e t h y l - l - b r o m o n a p h t h a l e n e  
w h i c h  i s  a  s o l i d ,  m . p .  7 8°  (V. V e s e t y ,  F .  S t u r s a ,  H. O l e j n i c a k  
a n d  E.  R e i n ,  Chem. A b s t r a c t s ,  1 9 3 0 ,  24 ,  3 0 0 9 ) .  I t  was  
show n ,  by  m ea ns  o f  g a s  a n d  t h i n  l a y e r  c h r o m a t o g r a p h y ,  t o
b e  a - m e t h y l n a p h i h a l e n e ,
A p a r a l l e l  s y n t h e s i s  u s i n g  a - n a p h t h o i c  a c i d  g a v e  
t h e  same p r o d u c t  ( a - m e t h y l n a p h t h a l e n e )  a s  t h e  o n e  a b o v e ,  
o b t a i n e d  f ro m  8 - b r o m o - l - n a p h t h o i c  a c i d .
Scheme f o r  t h e  s y n t h e s i s  o f  a - m e t h y l n a p h t h a l e n e :
CH%OH
(,’) SOc\,
(hiCHjCH
LiAIM^
T h i n  l a y e r  c h r o m a t o g r a p h i c  a n a l y s i s  o f  t h e  p r o d u c t s  f r o m  
m e t h y l - 8 - b r o m o - l - n a p h t h o a t e  a n d  1 - n a p h t h o i c  a c i d :
T h i s  was  d o n e  u s i n g  a l u m i n a  a s  t h e  a b s o r b e n t .  The 
two p r o d u c t s  h a d  t h e  same v a l u e  a s  a  s p e c i m e n  o f  p u r e  
a - m e t h y l n a p h t h a l  e n e ,  k i n d l y  p r o v i d e d  by D r . H .  Su z u i t i .
Gas c h r o m a t o g r a p h i c  a n a l y s i s  o f  t h e  p r o d u c t s  f r o m  m e t h y l  
8 - b r o m o - l - n a p h t h o a t e  an d  1 - n a p h t h o i c  a c i d s :
The two p r o d u c t s  w e r e  s u b j e c t e d  t o  g a s  c h r o m a t o g r a p h y  
s e p a r a t e l y ,  a n d  w e r e  f o u n d  t o  h a v e  e q u a l  r e t e n t i o n  t i m e s .  
E ac h  o f  t hem g a v e  a  s i n g l e  pea l t  i n d i c a t i n g  t h a t  t h e y  w e r e  
p u r e .  A m i x t u r e  o f  e q u a l  q u a n t i t i e s  o f  t h e  two p r o d u c t s ,  
on  g a s  c h r o m a t o g r a p h y ,  g a v e  a  s i n g l e  pea l i  s h o w i n g  t h a t  
t h e y  w e r e  t h e  s am e .  They w e r e  shown on  g a s  c h r o m a t o g r a p h y  
w i t h  a  known  s a m p l e  t o  be  a - m e t h y l  n a p h t h a l e n e .
Hence  i n  t h e  a t t e m p t e d  c o n v e r s i o n  o f  m e t h y l  8 - b r o m o -  
l - n a p h t h o  a t e  i n t o  8 - m e t h y l - l - b r o i n o n a p h t h a l e n e  t h r  r e  was
2 iir
a d e b r o m i n a t i o n  a n d  a  c o n v e r s i o n  o f  t h e  e s t e r  g r o u p  i n t o  
t h e  m e t h y l  a n d  a - m e t h y l n a p h t h a l e n e  was o b t a i n e d  a s  t h e  
f i n a l  p r o d u c t .
The s y n t h e s i s  o f  8 ' - m e t h y l - 1 , 1 * - b i n a p h t h y l - 8 - c a r b o x y l i c  
a c i d  was t h e r e f o r e  t r i e d ,  s t a r t i n g  f ro m  d i r a e t h y l - 1 , 1 * -  
b i n a p h t h y l - 8 , 8 ' - d i c a r b o x y l a t e  a n d  1 , 1 ' - b i n a p h t h y l - 8 , 8  
d i c a r b o x y l i c  a c i d .
( - )  -  D i m e t h y l - 1 , 1 ' - b i n a p h t h y l - 8 , 8 ' - d i c a r b o x y l a t e :
8 r
The p r e p a r a t i o n  was c a r r i e d  o u t  a c c o r d i n g  t o  t h e  
p r o c e d u r e s  o f  D.M. H a l l ,  S.  R i d g e w e l l  a n d  E . E .  T u r n e r ,
( J .  Chem. S o c . , 1 9 5 4 ,  2 4 9 8 ) ;  A . S .  M e l l o r ,  P h . D . T h e s i s  
( L o n d . )  1 9 6 1 ;  Y.  B a d a r ,  P h . D . T h e s i s  ( L o n d . )  1 9 6 4 ;  t h e  
r e a c t i o n  b e i n g  c a r r i e d  o u t  a t  2 0 0 ° ,  w i t h  a  m o d i f i c a t i o n  
i n  t h e  m e t h o d  o f  e x t r a c t i o n  o f  t h e  d i e s t e r .
C o p p e r  b r o n z e  ( 5 1 g . ) was  g r a d u a l l y  a d d e d  t o  m e t h y l  
8 - b r o m o - l - n a p h t h o a t e  ( 5 1 g .  ) c o n t a i n e d  i n  a  h a r d  g l a s s  t u b e  
i m m e r s e d  i n  a  m e t a l  b a t h  k e p t  a t  2 0 0 ° .  D u r i n g  t h e  a d d i t i o n ,  
w h i c h  t o o k  a b o u t  40 m i n u t e s ,  t h e  i n t e r n a l  t e m p e r a t u r e  r o s e  
f r o m  190°  t o  2 3 0 ° .  A f t e r  t h e  a d d i t i o n  o f  a l l  c o p p e r  b r o n z e  
t h e  r e a c t i o n  m i x t u r e  was  h e a t e d  a t  200°  f o r  a n o t h e r  15
m i n u t e s  and  a l l o w e d  t o  c o o l .  The c o o l e d  m a s s  was  b o i l e d  
w i t h  e t h a n o l ,  t o  e x t r a c t  t h e  d i e s t e r ,  a n d  t h e  s o l u t i o n  
f i l t e r e d  o f f  f r o m  c o p p e r .  On c o o l i n g ,  a l i g h t  c r e a m  
c o l o u r e d  c r y s t a l l i n e  compound s e p a r a t e d  a s  p l a t e s  ( 2 6 g . ) ,  
m . p .  1 5 7 ° - 1 5 8 ° .  The m o t h e r  l i q u o r  was  c o n c e n t r a t e d  a nd  
c o o l e d  t o  g i v e  n e e d l e - l i k e  c r y s t a l s  ( 2 g . ) ,  m . p .  1 5 7 ° - 1 5 8 ° .  
T o t a l  y i e l d  2 8 g .  (78.6^^;  p r e v i o u s  op t imu m y i e l d  7 6 . 5 ^ ,
Y . B a d a r  P h . D . T h e s i s  ( L o n d . )  1 9 6 4 ) .
H y d r o l y s i s  o f  ( - )  - d i m e t h y l - 1 , 1 ' - b i n a p h t h y l - 8 , 8 ' - d i c a r b o x y l a t e
D.M. H a l l ,  S.  R i d g e w e l l  a n d  2 . E .  T u r n e r ,  J .  Chem. S o c . , 
1 9 5 4 ,  2 4 9 8 .
The d i e s t e r  ( 5 g . ) was  b o i l e d  f o r  i  h o u r  u n d e r  r e f l u x  
w i t h  30^j a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  ( l 9 6 0 c . c . ) ,
( p r e v i o u s l y  p r e p a r e d  by d i s s o l v i n g  p o t a s s i u m  h y d r o x i d e  
( 3 0 g . ) i n  e t h a n o l  ( l O O c . c . )  by  w a s h i n g )  i n  a  m e t a l  b a t h .  
E t h a n o l  was  d i s t i l l e d  o f f  a n d  t h e  r e s i d u e  h e a t e d  a t  1 3 0 -  
140°  f o r  a b o u t  ^ h o u r .
The r e s i d u e  was t h e n  e x t r a c t e d  w i t h  b o i l i n g  w a t e r  
a n d  f i l t e r e d .  The f i l t r a t e  was  a l l o w e d  t o  c o o l ,  a n d  
a c i d i f i e d  w i t h  d i l u t e  HCl a n d  t h e  p r e c i p i t a t e d  a c i d  was  
f i l t e r e d  o f f ,  w a s h e d  w i t h  w a t e r  a n d  d r i e d .  The  p r e c i p i t a t e  
was  t h e n  e x t r a c t e d  w i t h  a l a r g e  a m o u n t  o f  m e t h y l a t e d  s p i r i t  
i n  a  S o x h l e t  a p p a r a t u s .  The y e l l o w  c o l o u r e d  s o l u t i o n  
o b t a i n e d  was  b o i l e d  w i t h  c h a r c o a l ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  
t o  a s m a l l  v o l u m e .  On s t a n d i n g ,  a  w h i t e  c r y s t a l l i n e
p r o d u c t  was o b t a i n e d  ( 4 . 2g .  ; 93.6ÿc)  m . p .  3 2 0 - 3 2 1 ° .  
( d e c o m p o s i t i o n ) .  R e c r y s t a l l i s a t i o n  f r om  m e t h y l a t e d  
s p i r i t  g a v e  a p r o d u c t  o f  m . p .  3 2 2 - 3 2 4 ^  ( d e c o m p . ) .
P u r i f i c a t i o n  o f  95/ p u re  1 , 1  *- b i n a p h t h y l - 8 , 8 - d i c a r b o x y l i c  
a c i d  p u r c h a s e d  from L i g h t s  and Co.
The i m p u r e  a c i d  ( 6 5 g . ) was  d i s s o l v e d  i n  a  minimum
a m o u n t  o f  lO^ /o NaOH an d  3 0 ^  NaOH was  a d d e d  t o  p r e c i p i t a t e
t h e  a c i d  a s  t h e  so d i u m  s a l t .  The p r e c i p i t a t e  was  f i l t e r e d
a n d  d i s s o l v e d  i n  w a t e r .
C h a r c o a l  was added t o  t h e  s t i r r e d  s o l u t i o n ,  t o
d e c o l o u r i z e  i t .  A f t e r  an  h o u r ,  t h e  c h a r c o a l  was  f i l t e r e d
o f f  a n d  t h e  f i l t r a t e  a c i d i f i e d  w i t h  d i l u t e  HCl t o
•r
p r e c i p i t a t e  t h e  d i a c i d .  The ^ c e s s  was  r e p e a t e d  a n d  
t h e  p r e c i p i t a t e  was  t h e n  b o i l e d  w i t h  w a t e r  a n d  f i l t e r e d .
I t  was w ashed  w i t h  w a t e r  and a l i t t l e  e t h a n o l  and d r i e d .  
Y i e l d ;  4 3 g .  ( 6 6 , 2 ? 0 ,  m . p .  3 1 7 - 3 1 8 °  ( d e c o m p . )
Some o f  t h e  p r o d u c t  was  r e c r y s t a l l i z e d  f r o m  m e t h y l a t e d  
s p i r i t  a n d  t h i s  g a v e  p a l e  y e l l o w  c r y s t a l s ,  m . p .  3 2 0 - 3 2 1 °  
( d e c o m p . ) .
A s e c o n d  p u r i f i c a t i o n  was  c a r r i e d  o u t  b u t  i n  t h e  
f i n a l  p r e c i p i t a t i o n  o f  t h e  a c i d ,  i n s t e a d  o f  a d d i n g  d i l u t e  
HCl t o  t h e  s o d i u m  s a l t  s o l u t i o n ,  t h e  s o d i u m  s a l t  s o l u t i o n  
was  a d d e d  t o  d i l u t e  HCl .  The p r o d u c t  was  t h e  s ame a s  t h e  
o n e  a b o v e  ( m . p .  3 1 7 - 3 1 8 ° ) .
a z o
M e t h y l  hy d ro /^e n  1 , 1  *- b i n a p h t h y l - 8 ,  8 ^ - d i c a r b o x y l o t e ;
HO. HQ
1 , l - B i n a p h t h y l - 8 , 8 * - d i c a r b o x y l i c  a c i d  ( 5 0 g , ) was  d i s s o l v e d  
i n  N NaOH ( l 4 6 c , c .  e x a c t l y  o n e  e q u i v a l e n t ) ,  s t i r r e d  a n d  
warmed t o  d i s s o l v e  a l l  a c i d .  I t  was  n e c e s s a r y  t o  a d d  
w a t e r  t o  k e e p  t h e  so d i u m  s a l t  i n  s o l u t i o n .  The s o l u t i o n  
was  f i l t e r e d ,  a n d  t o  t h e  c o o l e d  f i I t a  n o r m a l  s i l v e r  
n i t r a t e  s o l u t i o n  ( l 4 6 c . c .  e x a c t  e q u i v a l e n t )  was  a d d e d  w i t h  
s t i r r i n g .  The p r e c i p i t a t e d  s i l v e r  s a l t  was  f i l t e r e d ,  
s u c k e d  w e l l  a n d  a l l o w e d  t o  d r y  away f r om  l i g h t .
Y i e l d  o f  t h e  s i l v e r  s a l t :  6 9 . 5g .
The d r y  s i l v e r  s a l t  was b o i l e d  u n d e r  r e f l u x  f o r  2 
h o u r s  w i t h  e x c e s s  m e t h y l  i o d i d e  ( 2 0 0 g . ) ,  E x c e s s  m e t h y l  
i o d i d e  was d i s t i l l e d  o f f  a n d  t h e  r e s i d u e  e x t r a c t e d : -
( a )  w i t h  so d i u m  c a r b o n a t e  s o l u t i o n  t o  e x t r a c t  t h e  a c i d s
(b )  w i t h  a c e t o n e  t o  e x t r a c t  t h e  d i e s t e r .
S o l u t i o n  ( a )  was a c i d i f i e d  w i t h  d i l u t e  HCl a n d  t h e
p r e c i p i t a t e  was  f i l t e r e d  a n d  d r i e d .  Y i e l d ;  2 5 g .  I t  was  
t h e n  t a k e n  u p  i n  e t h a n o l  a n d  t h e  i n s o l u b l e  p r o d u c t  ( e x p e c t e d  
t o  be  t h e  d i a c i d )  was f i l t e r e d  o f f .  The f i l t r a t e  was  
c o n c e n t r a t e d  a n d  a l l o w e d  t o  c o o l  when a  w h i t e  c r y s t a l l i n e
2 ai
compound was  o b t a i n e d .  The p r o c e s s  was  r e p e a t e d .
Y i e l d ;  3 . 5 g «  m . p .  236 ( s h r i n k a g e )  - 2 9 5 ° ,  w i t h  s l i g h t  
d e c o m p o s i t i o n .  , T h i s  p r o d u c t  c o n t a i n e d  some o f  t h e  d i a c i d .  
A t t e m p t s  t o  p u r i f y  i t  f u r t h e r  r e s u l t e d  i n  a l i t t l e  y i e l d  
( 0 . 9 g . ) m . p .  2 3 6 - 2 3 7 ° ,  ( P o u n d :  C, 7 7 . 4 ;  H, 4 . 6 ; 0 ,  1 8 . 1 5 ;  
C2 3 H1 6 O4 r e q u i r e s  C, 7 7 . 5 ;  H, 4 . 5 ;  0 ,  1 8 . 0 ^ ^ ) .
S o l u t i o n  ( b )  was  c o n c e n t r a t e d  a n d  a l l o w e d  t o  c o o l  
when t h e  d i m e t h y l  e s t e r  s e p a r a t e d  a s  y e l l o w i s h  p l a t e s .  
R e c r y s t a l l i s a t i o n  f r om  m e t h a n o l  g a v e  1 1 . Og.  o f  a  m i x t u r e  
o f  p l a t e s  a n d  n e e d l e s ,  m . p .  1 5 7 - 1 5 8 ° .
M e i s e n h e i m e r  made  t h e  e t h y l  h a l f - e s t e r  t h i s  way a n d  
b e c a u s e  i t  i s  m o r e  s o l u b l e  i n  e t h a n o l  t h a n  t h e  8 , 8 ’- d i a c i d ,  
t h e  y i e l d  was  s a t i s f a c t o r y .
E t h y l  h y d r o g e n  1 , 1 ’- b i n a p h t h y l - 8 , 8 ’- d i c a r b o x y l a t e .
J .  M e i s e n h e i m e r  a n d  0 .  B e i s s w e n g e r ,  B e r . , 1 9 3 2 ,  6, 32
H O .
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1 , 1 * - B i n a p h t h y l - 8 , 8 * - d i c a r b o x y l i c a c i d  ( 5 0 g , ) was  d i s s o l v e d  
i n  N NaOH ( l 4 6 c , c .  -  e x a c t  e q u i v a l e n t ) .  The  s o l u t i o n  
was  s t i r r e d  a n d  warmed t o  d i s s o l v e  a l l  a c i d .  The s o l u t i o n  
was a l l o w e d  t o  c o o l  a nd  N AgNO^ s o l u t i o n  ( l 4 6 c . c .  -  e x a c t  
e q u i v a l e n t )  was  a d d e d  s l o w l y  w i t h  s t i r r i n g .  The f i n e  
w h i t e  p r e c i p i t a t e  so f o r m e d  was  f i l t e r e d  o f f ,  s u c k e d  w e l l  
a n d  a l l o w e d  t o  d r y  away f r o m  l i g h t .
Y i e l d  o f  s i l v e r  s a l t s  6 9 g .
The d r y  f i n e l y  p o w d e r e d  s i l v e r  s a l t ,  a n d  e x c e s s  e t h y l  
i o d i d e  ( 2 0 0 g . ) w e r e  h e a t e d  t o g e t h e r  u n d e r  r e f l u x  f o r  2 
h o u r s .  The e x c e s s  e t h y l  i o d i d e  was  d i s t i l l e d  o f f  a n d  
t h e  r e s i d u e  e x t r a c t e d  w i t h  a q u e o u s  so d i u m  c a r b o n a t e .
The c o o l e d  sod iu m  c a r b o n a t e  e x t r a c t  was  a c i d i f i e d  
w i t h  d i l u t e  HCl a n d  t h e  p r e c i p i t a t e d  c r u d e  a c i d  was  
c r y s t a l l i s e d  f r o m  e t h a n o l .  A f t e r  two r e c r y s t a l l i z a t i o n s  
t h e  a c i d  was o b t a i n e d  a s  a  w h i t e  c r y t a l l i n e  c om pou nd ,  
m . p .  1 9 3 - 1 9 5 °  ( l i t .  m . p .  1 9 4 - 1 9 5 ° ) .  Y i e l d  1 2 . 3 g .
P r e p a r a t i o n  o f  8 ' —h y d r o x y m e t h y l —1 . 1 ' —b i n a p h t h y l - 8 — 
c a r b o x y l i c  a c i d .
Two r o u t e s  w e r e  a v a i l a b l e  f o r  t h e  s y n t h e s i s  o f  t h i s  
compound :
HO.
HO
O.CH
\
( g )  C o n v e r s i o n  o f  e t h y l  h y d r o / ; e n - 1 , 1  ' - b i n a p h t h y l - 8  ,
8 *- d i c a r b ox y l a t e  i n t o  8 ' - h y d r o x y m e t h y l - 1 , 1  *- b i n a p h t h y l ' 
- 8 - c a r b o x y l i c  a c i d .
E t h y l  h y d r o g e n - 1 , 1 ' - b i n a p h t h y l - 8 , 8 ' - d i c a r b o x y l a t e  
( 5 g . )  s u s p e n d e d  i n  a  50 ^  m i x t u r e  o f  s o d i u m  -  d r i e d  e t h e r  
a n d  b e n z e n e  ( 3 0 0 c . c . ) was  a d d e d  t o  a s o l u t i o n  o f  l i t h i u m  
a l u m i n i u m  h y d r i d e  ( 5 g . ) i n  4 5 0 c . c .  o f  t h e  same s o l v e n t  
m i x t u r e *  The m i x t u r e  was  h e a t e d  u n d e r  r e f l u x  f o r  2 
h o u r s .
The e x c e s s  o f  m e t a l  h y d r i d e  was  d e c o m p o s e d  by 
a d d i n g  w a t e r ,  a d r o p  a t  a t i m e ,  a n d  d i l u t e  s u l p h u r i c  
a c i d  was  a d d e d  w i t h  s t i r r i n g  t o  r em o v e  t h e  w u i t e  s u s p e n ­
s i o n .  The two l a y e r s  w e r e  s e p a r a t e d .  The a q u e o u s  
l a y e r  was  e x t r a c t e d  w i t h  e t h e r  a n d  t h e  c o m b i n e d  s o l v e n t  
e x t r a c t s  w a s h e d  w i t h  w a t e r  a n d  e x t r a c t e d  w i t h  s o d i u m  
c a r b o n a t e  s o l u t i o n  t o  e x t r a c t  t h e  h y d r o x y m e t h y l  a c i d .
TJie so d i u m  c a r b o n a t e  s o l u t i o n  was  a c i d i f i e d  w i t h  d i l u t e  
HCl a n d  t h e  p r e c i p i t a t e  f i l t e a f e d  o f f .
Y i e l d  o f  t h e  c r u d e  h y d r o x y m e t h y l  a c i d :  3 g .
The c r u d e  p r o d u c t  was  d i s s o l v e d  i n  a l c o h o l ,  a n d  
t h e  s o l u t i o n  d e c o l o r i s e d  w i t h  c h a r c o a l  a n d  f i l t e r e d .
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The f i l t r a t e  was c o n c e n t r a t e d  and  c o o l e d .  The h y d r o x y -  
m e t h y l  a c i d  s e p a r a t e d  a s  a w h i t e  c r y s t a l l i n e  compound ,  
m . p . 2 1 9 - 2 2 0 ° .  Y i e l d ;  2 . 5 g .  ( F o u n d :  C, 8 0 . 1 ;  H, 4 . 9 ;
0 ,  1 5 . 3 ;  ^22^^16^3 ^ ^ q u i r e s  C, 8 0 . 4 7 ;  H, 4 . 9 1 ;  0 ,  1 4 . 62^o).
( b )  ( i )  C o n v e r s i o n  o f  d i m e t h y l - 1 , 1 ' - b i n a p h t h y l - 8 ,8
d i c a r b o x y l a t o  i n t o  8 ' - h y d r o x y m o t h y l - B - m e t h o x y c a r b o n y l —
1 , 1 ' - b i n a p h t h y l :
D i m e t h y l  1 , 1 ' - b i n a p h t h y l - 8 , 8 ' - d i c a r b o x y l a t e  ( 5 g . ) 
s u s p e n d e d  i n  d r y  e t h e r  ( 7 5 0 c . c . )  was  a d d e d ,  w i t h  
s t i r r i n g ,  t o  l i t h i u m  a l u m i n i u m  h y d r i d e  ( i g . ) s u s p e n d e d  
i n  d r y  e t h e r  ( 7 5 c . c . ) .  The m i x t u r e  was s t i r r e d  a t  room 
t e m p e r a t u r e  f o r  1 h o u r .
The u n r e a c t e d  m e t a l  h y d r i d e  was d e c o m p o s e d  by  a d d i n g  
w a t e r ,  a d r o p  a t  a t i m e ,  an d  d i l u t e  d^bO^ was a d d e d  t o  
t h e  s t i r r e d  s o l u t i o n .  The e t h e r e a l  l a y e r  was  s e p a r a t e d ,  
w a s h e d  w i t h  w a t e r ,  d r i e d  o v e r  a n h y d r o u s  IlgbO^ a n d  t h e  
e t h e r  d i s t i l l e d  o f f .  The r e s i d u e  was d i s s o l v e d  i n  b e n z e n e  
r u n  on t o  an  a l u m i n a  co lu m n ,  an d  e l u t e d  w i t h  10/j  e t h e r /  
b e n z e n e  m i x t u r e .  T h i s  g a v e  some u n c h a n g e d  d i m e t h y l  
e s t e r  ( O , I g . ) .
E l u t i o n  w i t h  e t h e r  g a v e  8 *- h y d r o x y m e t h y l - 8 - m e t h o x y -  
c a r b o n y l - 1 , 1 ' - b i n a p h t h y l  ( 2 . 4 g . ) ,  m . p .  122 -  1 2 5 ° .
F u r t h e r  e l u t i o n  w i t h  m e t h a n o l  g a v e  8 , 8 ' - b i s h y d r o x y -  
m e t h y l - 1 , 1 ' - b i n a p h t h y l , m . p .  1 5 1 ° .
( i i )  h y d r o l y s i s  o f  8 ' - h y d r o x y m e t h y 1 - 8 - m e t h o x y c a r b o n y l -  
1 , 1 ' - b i n a p h t h y l .
The a c i d  e s t e r  ( 2 . 4 g . )  was  b o i l e d  f o r  ^ h o u r  u n d e r
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r e f l u x  w i t h  30^ o a l c o h o l  p o t a s s i u m  h y d r o x i d e  ( 4 0 c . c , )  i n  
a m e t a l i b a t h .  The a l c o h o l  was d i s t i l l e d  o f f  a n d  t h e  
r e s i d u e  h e a t e d  a t  1 3 0 - 1 4 0 °  f o r  a b o u t  \  l i o u r .
The r e s i d u e  was t h e n  e x t r a c t e d  w i t h  b o i l i n g  w a t e r  
a nd  f i l t e r e d .  The f i l t r a t e  was a l l o w e d  t o  c o o l ,  i t  was  
t h e n  a c i d i f i e d  w i t h  d i l u t e  HCl a n d  t h e  p r e c i p i t a t e  was 
f i l t e r e d ,  w a s h e d  w i t h  w a t e r ,  d r i e d  an d  r e c r y s t a l l i z e d  
f r o m  e t h a n o l ,  a f t e r  d e c o l o r i s i n g  wi th c h a r c o a l .  A 
w h i t e  c r y s t a l l i n e  compound ( l . 9 g . ) m . p .  2 1 9 - 2 2 0 °  was  o b t a i n e d .
The I . R .  s p e c t r a  o f  t h e  two a c i d  p r o d u c t s  f r o m  
r o u t e s  ( a )  a n d  ( b )  w e r e  i d e n t i c a l .  A m i x e d  m . p .  d e t e r m ­
i n a t i o n  a l s o  showed  no d e p r e s s i o n .
8 ' D r o m o m e t h y l - 1 , 1 ^ - b i n a p h t h y l - 8 - c a r b o x y l i c a c i d  ;
HO; H O
8 * - h y d r o x y m e t h y l - l , 1 * - b i n a p h t h y l - 8 - c a r b o x y l i c  a c i d  ( 3 g . )  
was  d i s s o l v e d  i n  g l a c i a l  a c e t i c  a c i d  ( 6 0 c . c . )  b y  b o i l i n g  
a n d  t h e  s o l u t i o n  was  a l l o w e d  t o  c o o l .  C o l d  h y d r o b r o m i c  
a c i d  ( 3 0 c . c . )  was  s l o w l y  a d d e d  w i t h  s t i r r i n g  a n d  a 
c r y s t a l l i n e  compound  s e p a r a t e d  o u t .  m or e  h y d r o b r o m i c  
a c i d  ( 3 0 c . c . ) was  s l o w l y  a d d e d  w i t h  s t i r r i n g  a n d  a  
c r y s t a l l i n e  compound s e p a r a t e d  o u t .  More  h y d r o b r o m i c
a  a t )
a c i d  ( l 5 c . c . )  was  a d d e d  an d  t h e  s o l u t i o n  a l l o w e d  t o  s t a n d  
f o r  1 h o u r .
The p r e c i p i t a t e  was f i l t e r e d  o f f  a n d  c r y s t a l l i z e d  
f ro m  g l a c i a l  a c e t i c  a c i d .  A p a l e  y e l l o w  c r y s t a l l i n e  
compound ( 3 . 1 g . ) ,  m . p .  1 8 0 - 1 9 0 °  (d eco mp )  was  o b t a i n e d .  
( F o u n d :  C, 6 7 . 5 ;  H, 4 . 0 5 ;  0 ,  8 . 2 ;  B r ,  2 0 . 4 .  ^ 2 2 ^ 1 5 ^ 2 ^ ^  
r e q u i r e s  C, 6 7 . 5 ;  H, 3 . 9 ;  0 ,  8 . 2 ;  B r ,  2 0 . 4 / ^ ) .
( - )  8 ' - m e t h y l - 1 , 1 ' - b i n a p h t h y l - 8 - c a r b o x y l i c a c i d :
H O
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8 * - B r o m o m e t h y l - l , 1 * - b i n a p h t h y l - 8 - c a r b o x y l i c  a c i d  ( 5 g .  ) 
i n  s o d i u m - d r i e d  e t h e r / b e n z e n e  ( 2 0 0 c . c .  e t h e r ,  5 0 c . c .  
b e n z e n e )  was  a d d e d  t o  l i t h i u m  a l u m i n i u m  h y d r i d e  ( 5 g . ) 
i n  s o d i u m - d r i e d  e t h e r / b e n z e n e  ( 4 0 0 c . c .  e t h e r ,  1 0 c . c .  
b e n z e n e ) .  The m i x t u r e  was  g e n t l y  r e l u x e d  f o r  1^ h o u r s .
The u n r e a c t e d  m e t a l  h y d r i d e  was d e c o m p o s e d  by 
d r o p w i s e  a d d i t i o n  o f  w a t e r  a n d  d i l u t e  s u l p h u r i c  a c i d  
( 2N) was a d d e d .  The e t h e r / b e n z e n e  was s e p a r a t e d  o f f  
a n d  t h e  a q u e o u s  l a y e r  e x t r a c t e d  w i t h  e t h e r .  The c o m b i n e d  
o r g a n i c  s o l v e n t  e x t r a c t e d  was w a s h e d  w i t h  w a t e r  a n d  
e x t r a c t e d  w i t h  s od iu m  c a r b o n a t e  s o l u t i o n .  The s o d i u m
c a r b o n a t e  s o l u t i o n  was a c i d i f i e d  w i t h  d i l u t e  IIGl a n d  
t h e  p r e c i p i t a t e d  a c i d  f i l t e r e d  o f f ,  w a s h e d  w i t h  w a t e r  
and  d r i e d .
Y i e l d  o f  c r u d e  p r o d u c t ;  3g .
The c r u d e  p r o d u c t  was d i s s o l v e d  i n  a l c o h o l  a n d  t h e  
s o l u t i o n  was d e c o l o r i s e d  w i t h  c h a r c o a l ,  f i l t e r e d  a n d  
c o n c e n t r a t e d .  On c o o l i n g ,  8 ' - m e t h y l - 1 , 1  * - b i n a p i i t h y l -  
8 - c a r b o x y l i c  a c i d  ( 2 . I g . ) ,  m . p .  2 5 2 - 2 5 4 °  s e p a r a t e d .
( F o u n d :  C, 8 4 . 1 5 ;  H, 5 . 3 3 ;  0 ,  1 0 . 6 3 ;  ^22^16^2 
C, 8 4 . 5 9 ;  H, 5 . 1 6 ;  0 ,  10.24^^) . .
D e t e r m i n a t i o n  o f  t h e  e q u i v a l e n t  w e i g h t  o f  8 ' - m e t h y l - 1 , 1 ' -  
b i n a p h t i i y l - 8 - c a r b o x y l i c a c i d :
T h i s  d e t e r m i n a t i o n  was  c a r r i e d  o u t  by a b a c k  t i t r a t i o n  
b e t w e e n  mn a p p r o x i m a i ^ y  d e c i n o r m a l  s o l u t i o n  o f  p o t a s s i u m  
h y d r o g e n  p h t h a l a t e  a nd  0 . 09 9 96 N NaOH.
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The v o l u m e  o f  an a p p r o x i ^ t e l y  0 .  IN p o t a s s i u m  
h y d r o g e n  p h t h a l a t e  e q u i v a l e n t  t o  a  knoAvn v o l u m e  o f
0 . 0 9 9 9 6 N  NaOH was  d e t e r m i n e d  by  a  d i r e c t  t i t r a t i o n .
Then a  kno-wn v o l u m e  o f  0 . 0 9 9 9 6 N  NaOlI was  a d d e d  t o  a  
kno^m w e i g h t  o f  8 ' - m e t h y l - 1 , 1 ' - b i n a p h t h y l - 8 - c  r b o x y l i c  
a c i d .  The e x c e s s  so d iu m  h y d r o x i d e  was  t i t r a t e d  a g a i n s t  
p o t a s s i u m  h y d r o g e n  p h t h a l a t e  s o l u t i o n .  y6h-e a m e u a t  
-sedrtium hyd^^o-xide s-ol u t dro-n equÎAtad-ent-  to- t hea t  o-f- p o 4 a s s i ttm 
h y d j p o f ^  %d i t h a l a t e  sod u-t i -o^ y  The a m o u n t  o f  s o d i u m  
h y d r o x i d e  s o J u t i q n  e q u i v a l e n t  t o  t h a t  o f  p o t a s s i u m
h y d r o g e n  p h t h a l a t e  u s e d  i n  t h e  t i t r a t i o n  was c a l c u l a t e d  
a n d  i t s  d i f f e r e n c e  f rom t h e  v o l u m e  o f  t h e  o r i g i n a l l y  
a d d e d  so d i u m  h y d r o x i d e  s o l u t i o n  was  t h e  a m o u n t  r e q u i r e d  
t o  n e u t r a l i s e  t h e  a c i d .
P h e n o l p h t h a l e i n  was  u s e d  a s  i n d i c a t o r  i n  t h e s e  
t i t r a t i o n s .
R e s u l t s  :
1 0 c .  c .  a p p r o x i m a t e l y  o . l N  C^ll^ ( COOK) COOH w e r e  t i t r a t e d  
a g a i n s t  0 . 0 9 9 9 6 N  NaOH.
1 s t .  Run.  2 n d .  Run.  
T i t r e s  (NaOH) i n  c . c .  1 0 . 0 5  l h . 0 5
1^ 0 T h e r e f o r e  J JYr65^c . c .  0 . 0 9 9 9 6 N  NaOH w e r e  a d d e d  t o  0 . 2 7 9 8 g .
8 * - m e t h y l - l , 1 * - b i n a p h t h y l - S - c a r b o x y l i c  a c i d .
Volume o f  a p p r o x .  O . l N .  C^ii^ ( COOK) GOOH r e q u i r e d  f o r  
t i t r a t i o n  a g a i n s t  t h e  e x c e s s  0 . 0 9 9 9 6 N  NaOH m 3 0 . 3 0 c . c . ,
3 0 . 3 0 c . c .  a p p r o x .  O . l N .  C^H^ ( COOK) COOH = 3 0 . 4 5 c . c .  0 . 09? /6N .  
NaOH.
T h e r e f o r e  t h e  am o u n t  o f  0 . 0 9 9 9 6 N .N a O H  r e q u i r e d  t o  n e u t r a l ­
i z e  0 . 2 7 9 8 g .  o f  t h e  m e t h y l  a c i d  = 4 0 . 0 0  -  3 0 . 4 5  = 9 . 5 5 c . c .  
W e i g h t  o f  NaOH e q u i v a l e n t  t o  0 . 2 7 9 8 g .  o f  t h e  m e t h y l  a c i d
= 0 . 0 4  X 0 . 0 9 9 9 6  x  9 . 5 5  = 0 . 3 8 1 9 .
T h e r e f o r e  4 0 g .  NaOH = 0 . 3 8 1 9
i . e .  29 3 g .
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The m o l e c u l a r  w e i r h t  o f  t h e  m e t h y l  a c i d  i s  3 1 2 .
T h e r e f o r e  t h e  a c i d  h a s  ONE e q u i v a l e n t ,  a n d  i s  t h e r e f o r e  
m o n o b a s i  c .
A s e c o n d  d e t e r m i n a t i o n  g a v e  t h e  e q u i v a l e n t  w t .  o f  
t h e  a c i d  a s  29 5 .
\
The r e s u l t s  a r e  r a t h e r  l o w ,  p e r h a p s  b e c a u s e  s t e r i c  
h i n d r a n c e  i n  t h e  m o l e c u l e  l o w e r s  t h e  a c i d i t y .  H o w e v e r ,  
t h e s e  a p p r o x i m a t e  r e s u l t s  c o n f i r m  t h e  p r e s e n c e  o f  o n e  
c a r b o x y l  g r o u p  i n  t h e  m o l e c u l e .
D e c a r b o x y l a t i o n  o f  8 *- m e t h y l - 1 , 1 ' - b i n a p h t h y l - 8 - c a r b o x y l i c  
a c i d :
HO
■>
The ( - )  -  a c i d  ( i g .  ) was  d i s s o l v e d  i n  q u i n o l i n e  a n d  
c o p p e r  b r o n z e  was a d d e d .  The r e a c t i o n  m i x t u r e  was  b o i l e d  
u n d e r  r e f l u x  f o r  20 m i n u t e s .  On c o o l i n g ,  t h e  r e a c t i o n  
m i x t u r e  was  e x t r a c t e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  t o  
r e m o v e  a l l  q u i n o l i n e .  The i n s o l u b l e  r e s i d u e  was  e x t r a c t e d  
w i t h  s o d i u m  c a r b o n a t e  t o  r e m o v e  a n y  r e m a i n i n g  m e t h y l  
a c i d .  The i n s o l u b l e  r e s i d u e  was  t h e n  b o i l e d  w i t h  p e t r o l ­
eum e t h e r  ( b . p .  40 -  6 0 ° )  a n d  c o p p e r  b r o n z e  f i l t e r e d  o f f .  
The p e t r o l e u m  e t h e r  s o l u t i o n  was  c o n c e n t r a t e d  a n d  c o o l e d
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i n  on i c e  b a t h ,  8 - i \ i e t h y l - l , 1 * - b i n a p h t l i y l  ( 0 . 3 g . ) ,  r n . p .  
1 1 3 - 1 1 5 ° ,  was  o b t a i n e d  a s  a  w h i t e  c r y s t a l l i n e  co m po un d .
A c t i o n  o f  a c e t i c  a n h y d r i d e  on  8 *- m e t h y l - 1 , 1 ' - b i n a p h t h y l -  
8 - c a r b o x y l i c  a c i d ;
The a c i d  ( i g , ) was  b o i l e d  u n d e r  r e f l u x  w i t h  a c e t i c  
a n h y d r i d e  ( 2 0 c . c , )  f o r  5 h o u r s .  On c o o l i n g ,  t h e  s o l u t i o n  
d e p o s i t e d  c o l o u r l e s s  n e e d l e - l i k e  c r y s t a l s  o f  a m i x e d  
a n h y d r i d e  ( 0 . 7 g . ) ,  m . p .  1 2 0 - 1 2 1 ° .  ( P o u n d :  C, 8 1 . 5 ;
H, 4 . 9 ;  0 ,  1 3 . 6 .  ^ 2 4 ^ 1 8 ^ 3  C, 8 1 . 3 ;  H, 5 . 1 ;
0 ,  1 3 . 5 / ^ ) .  The y e l l o w  a c e t i c  a n h y d r i d e  s o l u t i o n  was  
b a i l e d  f o r  a f u r t h e r  5 h o u r s  a n d  c o n c e n t r a t e d .  1 3 - lu e t h y  1 -  
7 - o x o d i b e n z ^ ( a ,  a n t h r a c e n e  s e p a r a t e d  a s  y e l l o w  c r y s t a l s ,
m . p .  1 5 8 - 1 5 9 ° .  ( P o u n d :  0 8 9 . 7 5 ;  H, 4 . 6 ;  0 .  5 . 5 .  
r e q u i r e s  C, 8 9 . 7 5 ;  H, 4 . 8 ;  0 ,  5 . 4 5 ^ ) .  The i n f r a r e d  
s p e c t r u m  sho w ed  a  s t r o n g  c a r b o n y l  pea l i  a t  163 3c m.
( T h i s  pea l i  i s  a t  a  r a t h e r  l o w e r  v a l u e  c o m p a r e d  t o  t h a t  
o f  d i b e n z % ( a ,  1 ^ )  a n t h r a c e n - 7 - o n e ,  w h i c h  sho ws  a  m a j o r  
i n f r a r e d  pealc a t  1 6 3 7 cm” ^ .  T h i s  c o u l d  b e  a  r e s u l t  o f  t h e  
s t e r i c  s t r a i n  i n d u c e d  by  t h e  m e t h y l  g r o u p  i n  1 3 - m e t h y l -  
7 - o x o d i b e n z z ( a ,  a n t h r a c e n e ) .
25i
S y n t l i e s i s  o f  2 ,  2 * - d i m e t l i y l ~ l , 1 * ~ b i n a p h t l i y l  ; 
Scheme :
Hi
0^CH3
0 ^ C H 3
HO HOH2.
H
H O
HaOH
V
l - B r o m o - 2 ~ m e t h y l i i a p h t h a l e n e  :
R. Adams a n d  L . 0 » B i n d e r ,  J .  Amer . Chem. S o c . , 1 9 4 1 ,  2 7 7 3 .
To a  s o l u t i o n  o f  2 - m e t l i y l n a p h t h a l e n e  ( l 4 2 g .  l . O L l ) .  
i n  c a r b o n  t e t r a c h l o r i d e  ( 3 0 0 c . c . )  w e r e  a d d e d  a  c r y s t a l  o f  
i o d i n e  a n d  a  p i n c h  o f  i r o n  p o w d e r .  The f l a s k  a n d  c o n t e n t s  
w e r e  c o o l e d  t o  0 ° .  The f l a s k  was  c o v e r e d  w i t h  a l u m i n i u m  
f o i l  t o  e x c l u d e  l i g h t  a n d  b r o m i n e  ( l 6 0 g .  l . O M . ) i n  c a r b o n
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t e t r a c h l o r i d e  was a d d e d  w i t h  m e c h a n i c a l  s t i r r i n g  o v e r  
a p e r i o d  o f  8 h o u r s  w i t h o u t  a l l o w i n g  t h e  t e m p e r a t u r e  t o  
r i s e  a b o v e  5 ° .  A f t e r  s t a n d i n g  o v e r n i g h t ,  t h e  c a r b o n  
t e t r a c h l o r i d e  s o l u t i o n  was w a s h e d  t h o r o u g h l y  w i t h  lOj/o 
a q u e o u s  s o d i u m  h y d r o x i d e ,  t h e n  w i t h  w a t e r  a n d  d r i e d  o v e r  
a n h y d r o u p  c a l c i u m  c h l o r i d e .  The s o l u t i o n  was  t h e n  f i l t e r e d  
a n d  t h e  c a r b o n  t e t r a c h l o r i d e  d i s t i l l e d  o f f .  The 1—br om o —
2 - m e t h y l i i a p h t h a l  e ne  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e ,  
b . p .  1 7 4 - 1 7 7 ° / 2 3 m . m .
l - B r o m o - 2 - b r o m o m e t h y l n a p h t h a l e n e :
M.S.Newman a n d  A . I . K o s a k ,  J .  Q r g . Chem. 1 9 4 9 ,  , 3 7 5 .
A m i x t u r e  o f  l - b r o m o - 2 - m e t h y l n a p h t h a l e n e  ( 2 1 0 g .
■ L
0 .9 5M )  N - b r o m o s u c c i n ^ i i d e  ( l 6 0 g .  0 . 9 0 M ) ,  b e n z o y l  p e r o x i d e  
( i g . ) a n d  c a r b o n  t e t r a c h l o r i d e  ( 2 5 0 c . c . )  was  r e f l u x e d  
f o r  2 i  h o u r s .  The warm p r o d u c t  was  f i l t e r e d  a f t e r  a d d i t i o n  
o f  c a r b o n  t e t r a c h l o r i d e ,  t h e  r e s i d u e  b e i n g  w a s h e d  s e v e r a l  
t i m e s  w i t h  s o l v e n t .  The s o l u t i o n  was  c o n c e n t r a t e  . a n d  
a l l o w e d  t o  c o o l  when l - b r o m o - 2 - r n e t h y l n a p h t h a l e n e  s e p a r a t e d  
a s  c o l o u r l e s s  c r y s t a l s  ( 2 3 1 g . ) m . p .  1 0 4 - 1 0 6 ° .
l - B r o m o - 2 - n a p h t h a l d e h y d e :
D.M. H a l l  a n d  B . E .  T i i r n e r ,  J .  Chem. S o c . , 1 9 5 5 ,  1 2 4 2 .
l - B r o m o - 2 - b r o m o m e t h y l n a p h t h a l e n e  ( 9 0 g . ) was  d i s s o l v e d  
i n  c h l o r o f o r m  ( 4 0 0 c . c . )  a n d  p o w d e r e d  h e x a m i n e  ( 4 6 . 5 g . )  
a d d e d  i n  s e v e r a l  l o t s  t o  t h e  b o i l i n g  s o l u t i o n .  The 
h e x a m i n e  s a l t  s e p a r a t e d  i n  a  f e w  m i n u t e s  a n d  was  f i l t e r e d
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o f f  a nd  t h e n  b o i l e d  i n  50^0 a c e t i c  a c i d  ( 6 5 0 c .  c . )  f o r  1 
h o u r .  C o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( l 0 5 c . c . )  was  a d d e d  
a n d  t h e  s o l u t i o n  b o i l e d  f o r  a f u r t h e r  5 m i n u t e s .  The 
a l d e h y d e  ( 4 1 . 5g .  59/o) ,  m . p .  1 1 9 - 1 2 0 ° .  ( P r e v i o u s  w o r k e r s ,  
58?^; rn .p .  1 1 9 - 1 2 0 ° ) .
l - B r o m o - 2 - n a p h t h o i  c a c i d  :
D.M. H a l l  a nd  E .K .  l i i r n e r ,  l o c . c i t .
A s o l u t i o n  o f  l - b r o m o - 2 - n a p h t h a l d e h y d e  ( l l g . j  i n  
a c e t o n e  ( 2 7 5 c . c . )  was  h e a t e d  i n  a w a t e r  b a t h  k e p t  a t  6 0 -  
6 8 ° ,  a h o t  a q u e o u s  s o l u t i o n  o f  p o t a s s i u m  p e r m a n g a n a t e  
( l 4 g .  i n  3 3 0 c . c .  w a t e r )  was  a d d e d  d u r i n g  \  h o u r  a nd  h e a t ­
i n g  was c o n t i n u e d  f o r  a f u r t h e r  \  h o u r .  S u l p h u r  d i o x i d e  
was  p a s s e d  i n  a t  o n c e  a n d  t h e  c l e a r  s o l u t i o n  p o u r e d  i n t o  
w a t e r  ( 1 . 5 L) a n d  c o o l e d  i n  i c e .  The a c i d  was  f i l t e r e d  o f f .  
The c r u d e  a c i d  f r o m  8 o x i d a t i o n s  was c o l l e c t e d  a n d  w o r k e d  
up  t o g e t h e r  a s  f o l l o w s : -
I t  was  d i s s o l v e d  i n  d i l u t e  ammonia  ( b a s e d  on  a 
s l i g h t  e x c e s s  o f  0 . 8 8  ammonia  v e r y  much d i l u t e d . )  The 
s m a l l  a m o u n t  o f  i n s o l u b l e  m a t e r i a l  was  f i l t e r e d  o f f .  The 
a c i d  was p r e c i p i t a t e d ,  a s  a t h i c k  p a s t e ,  f r o m  t h e  f i l t r a t e  
w i t h  h y d r o c i i l ô r i c a c i d .  I t  was  f i l t e r e d  on  a  l a r g e  
B u c h n e r  f u n n e l  and  d r i e d  o v e r  a w a t e r  b a t h .  The a c i d  
( S 7 g . ) ,  m . p .  1 9 0 - 1 9 1 °  was  u s e d  f o r  t h e  n e x t  s t a g e  w i t h o u t  
r e c r y s t a l l i s a t i o n .
M e t h y l - l - b r o m o - 2 - n a p h t h o a t e :
A m i x t u r e  o f  l - b r o m o - 2 - n a p h t h o i c  a c i d  ( 8 4 g . ) m e t h a n o l
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( 8 0 0 c . C . )  a n d  c o n c e n t r a t e d  s u l p h u r i n ' . a c i d  ( 8 0 g .  ) was  
b o i l e d  u n d e r  r e f l u K  f o r  5 h o u r s .  The f a c t i o n  m i x t u r e  
was  p o u r e d  i n t o  w a t e r  (2 l )  a n d  l e f t  i n  a r e f r i g e r a t o r  
o v e r n i g h t .  The s o l u t i o n  was f i l t e r e d  a n d  t h e  s o l i d  
was r e c r y s t a l l i z e d  f r om  m e t h a n o l  ( 4 0 0 c . c . )  t o  g i v e  t h e  
e s t e r  ( 8 5 g . ,  m . p .  6 0 - 6 1 . 5 ° ) .
( - ) - D i m e t h y l - 1 , 1 * - b i n a p h t h y l - 2 , 2  * - d i c a r b o x y l a t e :
( D . M . H a l l  a n d  E . E . T u r n e r ,  l o c .  c i t . )
M e t h y l  l - b t o m o - 2 - n a p h t h o a t e  ( 4 0 g . ) was  h e a t e d  w i t h  
c o p p e r  b r o n z e  a t  2 7 0 - 2 8 0 °  f o r  a b o u t  20 m i n u t e s .  Vdi i le  
s t i l l  h o t  t h e  m i x t u r e  was  e x t r a c t e d  w i t h  t o l u e n e  ; t h e  
f i l t r a t e  d e p o s i t e d  c r y s t a l s  on  c o o l i n g .  A f u r t h e r  c r o p  
was  o b t a i n e d  by r e m o v a l  o f  some o f  t h e  s o l v e n t .  A f t e r  
o n e  r e c r y s t a l l i z a t i o n  f r o m  e t h a n o l , h t E e  e s t e r  h a d  a  m . p .  
1 5 7 . 5  -  158 °  ( y i e l d  7 7 . 5 ? - ) .
( - ) - l ç 1 ^ - B i n a p h t h y l - 2 y 2 ^ - d i  c a r b o x y l i c  a c i d  :
( D . M . H a l l  a n d  E . E . T u r n e r ,  l o c .  c i t ) .
T h i s  was  o b t a i n e d  by h y d r o l y s i s  o f  t h e  d i e s t e r .
Â v e r y  l i t t l e  w a t e r  was  a d d e d  t o  p o t a s s i u m  h y d r o x i d e  
( 2 2 g . ) a n d  t h e  m i x t u r e  h e a t e d  u n t i l l  a l l  t h e  KOH w e n t  
i n t o  s o l u t i o n .  E t h a n o l  was  a d d e d  a n d  t h e n  t h e  s o l i d  
d i e s t e r  ( 3 7 g . ) .  More e t h a n o l  was  a d d e d  u n t i l  t h e  s o l u t i o n  
was  c l e a r  when h o t  ( l 7 0 c . c .  o f  e t h a n o l  was  a d d e d  a l t o ­
g e t h e r ) .  ’ The r e a c t i o n  m i x t u r e  was  b o i l e d  u n d e r  r e f l u x  
f o r  3 / 4  h o u r .  The p o t a s s i u m  s a l t  vQon s e p a r a t e d .  The
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r e a c t i o n  m i x t u r e  was  c o o l e d  a n d  w a t e r  was  a d d e d  f o l l o w e d  
by d i l u t e  h y d r o c h l o r i c  a c i d .  The  p r e c i p i t a t e d  a c i d  was  
f i l t e r e d ,  d r i e d  a nd  d i s s o l v e d  i n  a q u e o u s  p o t a s s i u m  
c a r b o n a t e  ( t h e  p o t a s s i u m  s a l t  b e i n g  m o r e  s o l u b l e  t h a n  
t h e  so d i u m  s a l t ) .  Any r e m a i n i n g  s o l i d  was  f i l t e r e d  o f f .
The f i l t r a t e  was  a c i d i f i e d  w i t h  50/^ h y d r o c h l o r i c  
a c i d  ( e f f e r v e s c e n c e . * )  a n d  t h e  p r e c i p i t a t e d  a c i d  was  
f i l t e r e d  o f f  u s i n g  a  l a r g e  B u c h n e r  f u n n e l  a n d  s u c k e d  
d r y .  C r y s t a l l i s a t i o n  f r o m  e t h a n o l  g a v e  t h e  a c i d  i n  a  
s o l v a t e d  f o r m .  The a n h y d r o u s  a c i d  ( m . p .  2 7 2 - 2 7 3 ° )  was  
o b t a i n e d  t h r o u g h  p r o l o n g e d  h e a t i n g  o f  t h e  s o l v a t e d  a c i d  
on  a  s t e a m  bath®
( - ) - 2 , 2 * - B i s h y d r o x y m e t h y l - l , 1 * - b i n a p h t h y l %
( D . M . H a l l  a n d  E . E . T u r n e r ,  l o c .  c i t . )
M e t h y l  1 , 1 ' - b i n a p h t h y l - 2 , 2 * - d i c a r b o x y l a t e  ( 2 0 g .
1M) was  g r o u n d  a n d  w a s h e d  w i t h  e t h e r  ( 5 0 0 c . c . )  i n t o  
l i t h i u m  a l u m i n i u m  h y d r i d e  ( 5 . 4 g .  2 . 6 M . )  i n  e t h e r  ( 3 5 0 c . c . )  
The m i x t u r e  was  b o i l e d  u n d e r  r e f l u x  f o r   ^ h o u r .  I t  
was  t h e n  t r e a t e d  w i t h  w a t e r  t o  d e c o m p o s e  e x c e s s  l i t h i u m  
a l u m i n i u m  h y d r i d e .  S u l p h u r i c  a c i d  ( 2N) .  was  a d d e d  a n d  
t h e  e t h e r  d i s t i l l e d  o f f .  The d i o l  was  f i l t e r e d  o f f  
f r o m  t h e  r e s i d u a l  a q u e o u s  s o l u t i o n  a n d  c r y s t a l l i s e d  
f r o m  e t h a n o l .  Y i e l d  1 6 . I g . ,  m . p .  1 9 0 . 5  -  9 2 ° .
2 *-Bi  s b r o m o m e t I i y l - 1 , 1  * - b i n a p h t h y l  :
The p r e v i o u s  d i o l  ( l O g . ) was  d i s s o l v e d  i n  g l a c i a l  
a c e t i c  a c i d  ( 2 5 0 c . c . )  by  b o i l i n g  a n d  b o i l i n g  h y d r o b r o m i c  
a c i d  ( d  1 . 4 9 ;  7 5 c . c . )  waô a d d e d .  A f t e r  o n e  m i n u t e ,  t h e
d i b r o m i d e  s e p a r a t e d  a s  an  o i l .  The m i x t u r e  was  b o i l e d
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a n d  m o r e  h y d r o b r o m i c  a c i d  ( 5 0 c . c . ) was  a d d e d  a n d  b o i l i n g  
c o n t i n u e d  f o r  ^ h o u r ,  when t h e  o i l  s o l i d i f i e d .  The  s o l i d  
was  s e p a r a t e d  a n d  c r y s t a l l i z e d  f r o m  e t h y l  m e t h y l  k e t o n e  
( y i e l d  1 1 . 9 g . )  m . p .  152  -  1 5 5 °  ( D . M . H a l l  a n d  E . E . T u r n e r  
l o c .  c i t .  ^ m . p .  151  -  1 5 3 ° ) .
( - ) - 2 ,  2 ' - D i m e t h y l - 1 , 1  ' - B i n a p h t h y l  :
The d i b r o m i d e  ( l O g . ) i n  s o d i u m - d r i e d  e t h e r  ( 5 0 0 c . c . )  
was  a d d e d  t o  l i t h i u m  a l u m i n i u m  h y d r i d e  ( l 2 g . ) a n d  h e a t e d  
u n d e r  r e f l u x  f o r  2 j  h o u r s .  To d e c o m p o s e  e x c e s s  l i t h i u m  
a l u m i n i u m  h y d r i d e ,  w e t  e t h e r  was  a d d e d ,  f o l l o w e d  by  a  
d r o p w i s e  a d d i t i o n  o f  w a t e r ,  u n t i l  no f u r t h e r  b u b b l e s  
w e r e  o b s e r v e d .  D i l u t e   ^ s u l p h u r i c  a c i d  was  a d d e d  a n d  t h e  
r e a c t i o n  m i x t u r e  was  w e l l  s h a k e n .  The e t h e r p n l  l a y e r  
was  s e p a r a t e d  a n d  d r i e d  o v e r  a n h y d r o u s  c a l c i u m  c h l o r i d e .  
The  s o l u t i o n  was  f i l t e r e d  a n d  a l l  e t h e r  was  e v a p o r a t e d  
o f f .  The h i g h l y  v i s c o u s  r e s i d u e  was  d i s s o l v e d  i n  a  
minimum a m o u n t  o f  e t h a n o l  a n d  a l l o w e d  t o  s t a n d  o v e r n i g h t .  
2 , 2 * - D i m e t h y l - 1 , 1 ’- b i n a p h t h y l  was  o b t a i n e d  a s  a  w h i t e  
c r y s t a l l i n e  compound  ( y i e l d  4 . 5 g . , m . p .  70  -  7 1 ° ) .  F o u n d :  
C, 9 3 . 4 ;  H, 6 . 3 5 ;  ^ 2 2 ^ 8  ^ s q u i r e s  C, 9 3 . 6 ;  H, 6 . 4 % ) .
2 3 ?
( - ) - 8  ^8 *- B i  s h y  d r  oxym e t hy l - 1 , 1  * - - b i n a p h t l i y l  :
Y. B a d a r ,  A. S.  Cooke  and  l.I.ivl, l i a r r i s ,  J .  Chem. S o c . , 1 9 6 5 , 1 4 1 2 ,  
D i m e t h y l  1 , r * - b i n a p h t h y 1 - 8 , 8 * - d i c a r b o x y l a t e  ( 5g .
1M).  s u s p e n d e d  i n  s o d i u m - d r i e d  e t h e r  ( I L )  was  a d d e d  t o  
l i t h i u m  a l u m i n i u m  h y d r i d e  ( l . 5 g .  3M) , The r e a c t i o n  m i x t u r e  
was  h e a t e d  u n d e r  r e f l u x  f o r  4 h o u r s .  E x c e s s  l i t h i u m  
a l u m i n i u m  h y d r i d e  was  d e c o m p o s e d  w i t h  w e t  e t h e r ,  w a t e r  
( a d d e d  d r o p w i s e )  a n d  t h e n  s u l p h u r i c  a c i d  (2M . )  was  a d d e d .
The e t h e r e a l  l a y e r  was  s e p a r a t e d ,  w a s h e d  w i t h  w a t e r  a n d  
d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l p h a t e .  The e t h e r  
was  d i s t i l l e d  o f f  a n d  t h e  r e s i d u e  c r y s t a l l i z e d  f r o m  
b e n z e n e  a n d  vacuum d r i e d  f o r  2 h o u r s  a t  1 0 0 °  t o  g i v e  t h e  
d i o l  ( 4 g .  ) m . p .  1 5 1 . 5  -  1 5 2 ° .  ( P r e v i o u s  w o r k e r s ,  1 5 1 - 1 5 2 ° ) .
( - ) - 8 , 8  * - B i s b r o m o m e t I \ y l - l ,  1 ^ - b i n a p h t h y l i
WOHg
The d i o l  ( 5 g .  ) was d i s s o l v e d  i n  g l a c i a l  a c e t i c  a c i d  ( l 2 5 c . c . )  
by b o i l i n g .  B o i l i n g  h y d r o b r o m ic  a c i d  (d  1 . 4 9 ;  6 0 c . c . )  was  
a d d e d .  A f t e r  a f e w  m i n u t e s  t h e  s o l u t i o n  becam e c l o u d y  and  
p a l e  y e l l o w  t t y à t k l s  s e p a r a t e d .  More h y d r o b r o m i c  a c i d
2 . 3 6
( 2 5 c .  c . )  was a d d e d .  A f t e r  c o o l i n g  t h e  s o l i d  was f i l t e r e d ,  
w a sh e d  w e l l  w i t h  w a t e r  and d r i e d .  The p r o d u c t  was c r y s t a l l i z e d  
from c h l o r o f o r m  t o  g i v e  l i g h t  y e l l o w  c r y s t a l s  ( 5 . 7 g . ) m .p .
1 9 0 - I 9 1 . 5 ° .  (T .  B ad ar ,  A . 3 .  Cooke and M.M. H a r r i s ,  l o c . c i t . ,
1 9 1 - 1 9 2 ° ) .
( - )  8 , 8 ' - D i m e t h y l - 1 , 1 ' - b i n a p h t h y l :
The d ib ro m o-co m p ou n d  ( 5 g .  IM) i n  s o d i u m - d r i e d  e t h e r  ( 5 0 0 c . c . )  
was added t o  l i t h i u m  a lu m in iu m  h y d r i d e  ( l . 4 g .  6M) i n  
s o d i u m - d r i e d  e t h e r  ( l . 5 L )  and t h e  m i x t u r e  was h e a t e d  u n d e r  
r e f l u x  f o r  two h o u r s .  E x c e s s  l i t h i u m  a lu m in iu m  h y d r i d e  
was d e c o m p o se d  by a d r o p w i s e  a d d i t i o n  o f  e t h y l  a c e t a t e .
E x c e s s  p o t a s s i u m  h y d r o x i d e  was a d d ed .  The e t h e r e a l  l a y e r  
was s e p a r a t e d  and t h e  a q u e o u s  l a y e r  e x t r a c t e d  w i t h  e t h e r /  
b e n z e n e  m i x t u r e .  The co m b in e d  o r g a n i c  s o l u t i o n  was w a s h e d  
t w i c e  w i t h  w a t e r ,  d r i e d  o v e r  m agnes ium  s u l p h a t e ,  c o n c e n t r a t e d  
t o  a s m a l l  v o lu m e  and a l l o w e d  t o  c o o l .  T h ic k  c r y s t a l l i n e  
p l a t e s  ( 3 . 0 g . )  w e r e  o b t a i n e d ,  m .p .  1 2 3 - 1 2 7 ^ .  R e c r y s t a l l i s a t i o n  
from e t h e r  g a v e  c o l o u r l e s s  c r y s t a l s  m .p .  1 3 0 - 1 3 1 ° .
(T .  B a d ar ,  A . 8 .  Cooke and M.M. H a r r i s ,  l o c . c i t . , 1 2 9 - 1 3 0 ° ) .
OPTICAL EXFERIMEInITAL
R e s o l u t i o n  o f  8 ' - m e t h y l - 1 , 1 * - b i n a p h t h y l - 8 - c a r b o x y l i c  a c i d :
The ( - ) - a c i d  ( 2 . 0 g . ) was d i s s o l v e d  i n  e t h a n o l  ( 3 0 0 c . c . )
and t o  i t  was add ed  a s o l u t i o n  o f  b r u c i n e  ( 3 . 0 g . ,  1 .2M )
i n  e t h a n o l  ( 3 0 0 c .  c . ) .  The s o l u t i o n  was e v a p o r a te d -  down t o
1 5 0 c . c .  and a l l o w e d  to  c o o l  s l o w l y  t o  room t e m p e r a t u r e .
The b r u c i n e  ( - ) - a c i d  s a l t  ( a ) c r y s t a l l i z e d  o u t  ( l . 8 g . ) ,
m .p .  1 6 1 - 1 6 3 ° ,  r
57^8  " ( i n  c h l o r o f o r m ) .
The m o t h e r - l i q u o r  from (A) was c o n c e n t r a t e d  t o  h a l f - v o l u m e  
and a f u r t h e r  0 . 5 g .  o f  t h e  b r u c i n e  s a l t  (B) s e p a r a t e d ,  
m. p .  1 6 1 —1 6 2 . 5 ° ,  q
- 2 1 1 . 8 °
( a ) and (B) t o g e t h e r  c o n s t i t u t e  50^o o f  t h e  b r u c i n e  s a l t ,  
b a s e d  on t h e  q u a n t i t y  o f  ( - ) - a c i d  u s e d .
The m o t h e r - l i q u o r  c o n t a i n e d  t h e  b r u c i n e  ( + ) - a c i d  s a l t .  
Cool  e v a p o r a t i o n  o f  t h i s  m o t h e r  l i q u o r  from (B) g a v e  a 
n o n - c r y s t a l l i n e  r e s i d u e  (C) w h ic h  f a i l e d  t o  c r y s t a l l i z e  
from a l a r g e  v a r i e t y  o f  s o l v e n t s .
L i b e r a t i o n  o f  t h e  o p t i c a l l y  a c t i v e  a c i d s  :
( - )  -  A c i d :
The b r u c i n e  s a l t  (A) was d i s s o l v e d  i n  c h l o r o f o r m  and  
e x t r a c t e d  t w i c e  w i t h  N -sod iu m  h y d r o x i d e  and t h e  a l k a l i n e  
e x t r a c t  w ash ed  t w i c e  w i t h  c h l o r o f o r m  and o n c e  w i t h  e t h e r ,  
t h e n  a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d .  T h i s  g a v e  
t h e  ( - ) - a c i d  ( O . 5 5 g . ) ,  m .p .  2 4 7 . 5 - 2 4 8 ° ,
W ^ y g  -  2 5 3 . 5 °
o+ 2 5 0 . 2°
2.^0
( i n  c h l o r o f o r m ) .
(+)  -  A c i d ;
The r e s i d u e  (C) was  d i s s o l v e d  i n  c h l o r o f o r m  a n d  t h e  
s o l u t i o n  t r e a t e d  a s  d e s c r i b e d  f o r  s a l t  ( a ) .  The  ( + ) - a c i d  
t h u s  o b t a i n e d  h a d  m . p .  2 4 7 . 5- 2 4 8 ° ,  5
( i n  c h l o r o f o r m ) .
The ( - ) - a c i d  r a c e m i s e d  when  h e a t e d  u n d e r  r e f l u x  i n  
s o d i u m  h y d r o x i d e  f o r  s e v e r a l  h o u r s .  The ( - ) - a c i d  r e c o v e r e d  
was  i d e n t i c a l  ( m . p . , m i x e d  m . p .  a n d  i n f r a r e d  s p e c t r u m )  
w i t h  t h e  ( - ) - a c i d  u s e d  f o r  t h e  r e s o l u t i o n .
P o l a r i m e t r i c  w or k  :
O p t i c a l  r o t a t i o n s  w e r e  m e a s u r e d  on  t h e  " C a r l  Z e i s s  
P h o t o e l e c t r i c  P r e c i s i o n  P o l a r i r a e t e r  0 . 0 0 5 ° "  a t  X = 578mp . 
P o r t i o n s  o f  a  s o l u t i o n  o f  t h e  o p t i c a l l y  a c t i v e  8 • - m e t h y l -  
1 , 1 * - b i n a p h t h y l - 8 - c a r b o x y l i c  a c i d  w e r e  s e a l e d  i n  g l a s s  t u b e s  
k e p t  i n  an  o i l  t h e r m o s t a t ,  w i t h d r a w n  a t  s u i t a b l e  i n t e r v a l s  
i m m e d i a t e l y  c o o l e d  t o  r oom t e m p e r a t u r e ,  a n d  o p t i c a l  
r o t a t i o n s  r e a d .
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Arrhenius plot for (-) N,N - d im e th y l f o r m a m id ein
25 29 KCQl.mole
— 5*0 -
2 8 2 9
D e t e r m i n a t i o n  o f  t h e  A r r h e n i u s  p a r a m e t e r s  and  t r a n s i t i o n  
s t a t e  t h e o r y  f u n c t i o n s  i n  N , N - d i m e t h y l f o r m a r a i d e :
T ( a b s . ) 1  X 10^ ^min* log^O '
3 4 3 . 2 2 . 9 1 3  \ 1 . 9 1 9 x 1 0 ” ^ 3 . 5 0 4 9
3 4 8 . 5 2 . 8 7 3 . 2 6  x lO“ ^ 3 . 7 3 5 1
3 5 3 . 3 2 .8 3 1 5 . 1 8 7 x 1 0 “ ^ 3 . 9 3 6 7
3 5 8 . 2 5 2 .7 9 1 8 . 7 9 0 x 1 0 " ^ 4 . 1 6 5 8
3 6 3 . 2
3 6 8 . 2
2 . 7 5 3
2 .7 1 5
1 . 4 6 6 x 1 0  ^ 
2 . 4 0 5 x 1 0 ^ ^
4 . 3 8 7 8
4 . 6 0 3 0
3 7 3 . 2 2 .6 8 0 3 . 5 8 8 x 1 0 “ ^ 4 . 7 7 6 7
3 7 8 . 2 2 . 6 4 5 5 . 9 1  x l O " ^ 4 . 9 9 3 4
G r a p h i c a l d e t e r m i n a t i o n  o f  A e  ( p .  )
Y was p l o t t e d  a g a i n s t  l o g lO^^sec” ^*
The s l o p e o f  t h e  g r a p h  = 1 . 3 20 . 2 3 9
-1
T h e r e f o r e  E = 1 . 3 2
0 . 2 3 9 X 1 . 9 8 8 5  X 2 . 3 0 3  = 2 5 . 3  K c a l .  m o le
-1
Z h 6
C a l c u l a t i o n  o f  by l e a s t  s q u a r e s  m e t h o d :
I n  t h e  e q u a t i o n  y  = a  4- bx
y  i s  t a k e n  a s  t h e  t e m p e r a t u r e  a n d  x  a s  e c ” ^ *
^  < ^ y -  ^ x  ^  x y
U 2  -------------a =
b =
n
n xiL 'X
X i . e .  t h e  s l o p e  o f  t h e  g r a p h .
X =
y  =
5 + l o g i o ^ s e c - l *
10^
T
T y X x y x2
3 4 3 . 2 2 . 9 1 3 7 5 0 . 5 0 4 9 1 . 4 7 1 1 5 0 . 2 5 4 9 2
3 4 8 . 5 2 . 8 6 9 4 4 0 . 7 3 5 1 2 . 1 0 9 3 3 0 . 5 4 0 3 7
3 5 3 . 3 2 . 8 3 0 4 5 . 0 . 9 3 6 7 2 . 6 5 1 2 8 0 . 8 7 7 4 1
3 5 8 . 2 5 2 . 7 9 1 3 5 1 . 1 6 5 8 3 . 2 5 4 1 6 3 . 1 5 9 0 9
3 6 3 . 2 2 . 7 5 3 3 0 1 . 3 8 7 8 3 . 8 2 1 0 3 1 . 9 2 5 9 9
3 6 8 . 2 2 . 7 1 5 9 2 1 . 6 0 3 0 4 . 3 5 3 6 2 2 . 5 6 9 6 1
3 7 3 . 2 2 . 6 7 9 5 3 1 . 7 7 4 5 4 . 7 5 4 8 3 3 . 1 4 8 8 5
3 7 8 . 2 2 . 6 4 4 1 0  \ 1 . 9 9 3 8 5 . 2 7 1 8 1 3 . 9 7 5 2 4
y  =  2 2 . 1 9 7 8 4 ^ x  = 1 0 . 1 0 1 6 0
xy=  2 7 . 68721 ^  x^= 1 4 . 6 5 1 4 8
n  =  8
2.4 3
b = 8 X 2 7 . 6 8 7 2 1  -  1 0 . 1 0 1 6 0  x  2 2 . 1 9 7 8 4  ^  q i 8 0 3 6 3
8 X 1 4 . 6 5 1 4 8  "  ( 1 0 . 1 0 1 6 0 ) ^
T h e r e f o r e  A  E = — = 2 5 . 3 9 K c a l .  r n o l e " ^ .  
A v e r a g e  v a l u e  o f  A E  = 2 5 . 3  K c a l .  m o l e ~ ^ .
H a l f - l i f e  p e r i o d  a t  100°  = 2 ' o i 2 5  x  65 = 1 9 . 3 ( 2 )  m i n ù t e s .
/V ^ ^  ^C a l c u l a t i o n  o f  l o g j^gA, S , Z iH  , a nd  /S  F
( e * f *  D,Ma H a l l  a n d  M . M . H a r r i s , J .  Chem. S o c . , 1 9 6 0 ,  4 9 0 ) .  
l og^QA was c a l c u l a t e d  f o r  e a c h  t e m p e r a t u r e ,  u s i n g  t h e  
e q u a t i o n s
l o g p o A  =      + l ° 8 l 0 ^ s e c - ^ *
2 . 3 0 3  X 1 . 9 8 8 5  x  T ,ah  s e
The a v e r a g e  v a l u e  o f  l o g ^ ^ A  = 1 1 . 6  s e c " ^ .
A  S was  c a l c u l a t e d  f o r  e a c h  t e m p e r a t u r e ,  u s i n g  t h e
e q u a t i o n s  ^  _
A s  = 2 . 3 0 3  X R log^Q H- ^  -  4 9 . 2 0
The a v e r a g e  v a l u e  o f  S = - 7 . 7 e . u .
4=
A H  = A  E -  HT 
a t  1 0 0 ° ,  T^^g = 3 7 3 . 2  
T h e r e f o r e ,  A H * =  25340  -  1 . 9 8 8 5  x  3 7 3 . 2  
= 2 4 . 6K. m o l e ~ ^ .
4  *  *
A F  = A H  -  T A  8 
At 1 0 0 °  A  F = 2 7 . 5K. m o l e " ^ .
( lU )  S y n t h e t i c  O p t i c a l  2.4Q
R e s o l u t i o n  o f  1 , 1 * - b i n a p h t h y l - 2 , 2 * ~ d i c a r b o x y l i c  a c i d ;
(D.M. H a l l  a nd  E .H .  T u r n e r ,  J .  Chem. S o c . ,  1 9 5 5 ,  1 2 4 2 )
The d e - s o l v a t e d  a c i d  ( 4 6 . 8 g . ,  IM) a n d  a n h y d r o u s  
q u i n i n e  ( 4 4 . 3 g . ,  IM) w e r e  d i s s o l v e d  t o g e t h e r  i n  e t h a n o l  
( 4 5 5 c . c . )  a nd  e t h e r  ( 4 5 5 c . c . )  was  a d d e d .  The s o l u t i o n  
was  k e p t  i n  t h e  r e f r i g e r a t o r  a n d  i t  e v e n t u a l l y  d e p o s i t e d  
a  s a l t  ( 5 8 g . ) w h i c h  was s u b s e q u e n t l y  r e c r y s t a l l i z e d  3 t i m e s  
f r o m  e t h a n o l  t o  c o n s t a n t  s p e c i f i c  r o t a t i o n .  The m o t h e r -  
l i q u o r  f r o m  t h e  f i r s t  c r o p  was  e v a p o r a t e d  t o  d r y n e s s  a nd  
t h e  r e s i d u e  c r y s t a l l i z e d  f r o m  e t h a n o l .  The m o r e  s o l u b l e  
s a l t  was  c r y s t a l l i z e d  f r o m  h i g h l y  c o n c e n t r a t e d  e t h a n o l i c  
s o l u t i o n s .  I n t e r m e d i a t e  c r o p s  w e r e  r e p e a t e d l y  r e c r y s t a l l i z e d .  
A l t o g e t h e r  2 9 . 5g .  o f  t h e  l e s s  s o l u b l e  s a l t ,  a n d  1 5 g .  o f  
t h e  more  s o l u b l e  s a l t  w e r e  o b t a i n e d .  The l e s s  s o l u b l e  
q u i n i n e  s a l t  h a d  m . p .  1 7 7 - 1 7 8 °  ( d e c o m p . ) ,
2 2 . 5
[ a j  -  9 3 . 4 °  i n  a c e t o n e .
578
(D.M. H a l l  a n d  E . E .  T u r n e r ,  l o c . c i t ., 178°  ( d e c o m p .  ) ,
23
[ a ]  -  8 9 . 8 °  i n  a c e t o n e .
5791
The m or e  s o l u b l e  s a l t  h a d  m . p .  1 8 5 - 1 8 8 °  ( d e c o m p . ) ,
2 2 . 5
[ a ]  + 1 5 . 1  i n  a c e t o n e .
578
(D.M. H a l l  a n d  E . E .  T u r n e r ,  J .  Chem. S o c . 9 1 9 5 5 ,  12 4 2  
q u o t e  m . p .  1 8 4 - 1 9 0 °  ( d e c o m p . ) ^
22
[<%] + 8 . 6 °  i n  a c e t o n e
5791
Z4S
( - )  - 1 , 1 * - B i n a p h t h y l - 2 , 2 * - d i c a r b o x y l i c  a c i d ;
A s o l u t i o n  o f  t h e  l e s s  s o l u b l e  q u i n i n e  s a l t  ( 3 5 g . ) 
i n  c h l o r o f o r m  ( 3 5 0 c . c . )  was  e x t r a c t e d  3 t i m e s  w i t h  n o r m a l  
p o t a s s i u m  h y d r o x i d e  s o l u t i o n .  The c o m b i n e d  e x t r a c t s  w e r e  
w a s h e d  w i t h  c h l o r o f o r m  a n d  p o u r e d  i n t o  d i l u t e  h y d r o c h l o r i c  
a c i d .  The p r e c i p i t a t e d  a c i d  was  c r y s t a l l i z e d  f r o m  a q u e o u s  
a c e t o n e  ( y i e l d  1 6 . 5 g . )  a n d  h a d  m . p .  1 2 0 - 1 2 1 ° ( d e c o m p . ) ,
22
Cal -  8 1 . 4 °  i n  a p p r o x i m a t e l y  O . l N .  NaOH 
578
22
(D.M. H a l l  a nd  E . E .  T u r n e r ,  l o c .  c i t . ,  [ a ]  -  1 0 8 . 6 ° ) .
5791
I t  was h e a t e d  on  a  w a t e r  b a t h  f o r  some h o u r s  t o  d r i v e  o f f  
t h e  w a t e r  o f  c r y s t a l l i z a t i o n .
(+)  - 1 , 1 * - B i n a p h t h y l - 2 , 2 * - d i c a r b o x y l i c  a c i d ;
S i m i l a r  d e c o m p o s i t i o n  o f  t h e  m o r e  s o l u b l e  q u i n i n e  s a l t  
g a v e  t h e  ( - f ) - d i a c i d ,  m . p .  1 1 9 - 1 2 0 °  ( d e c o m p . ) ,
22
( a l  4- 1 3 2 . 4 °  i n  a p p r o x i m a t e l y  O . l N  NaOH 
578
20
(D.M. H a l l  a n d  E . E .  T u r n e r ,  l o c .  c i t . ,  [ a ]  4- 1 0 7 . 2 ° ) .
5791
( - )  - 2 , 2  * - B i s h y d r o x y m e t h y l - 1 , 1 * - b i n a p h t h y l ;
( - )  - 1 , 1 ' ' - B i n a p h t h y l - 2 , 2 * - d i c a r b o x y l i c  a c i d  ( l 2g ,  ) 
d i s s o l v e d  i n  s o d i u m - d r i e d  e t h e r  ( 4 0 0 c . c . )  was  a d d e d  t o  
l i t h i u m  a l u m i n i u m  h y d r i d e  ( 5 . I g .  4M) i n  e t h e r  ( 3 0 0 c . c . )
The m i x t u r e  was  b o i l e d  f o r  I 7 h o u r s .  E t h y l  a c e t a t e  was  
a d d e d ,  f o l l o w e d  by  w a t e r  a n d  s u l p h u r i c  a c i d  ( 2N ) .  The
2,50
e t h e r e a l  l a y e r  was  s e p a r a t e d ,  t h e  s o l v e n t  r e m o v e d ,  a n d  
t h e  r e s i d u e  c r y s t a l l i z e d  t w i c e  f r o m  b e n z e n e .  ( - ) - B i s h y d r o -  
x y i n e t h y l - 1 , 1  * - b i n a p h t h y l  ( 9 . 5 g . )  was  o b t a i n e d  a s  h e x a g o n a l  
p l a t e s ,  m . p .  1 6 8 . 5 - 1 6 9 ° ,
22
Cctl -  7 5 . 0 °  i n  a c e t o n e .
578
(D.M. H a l l  a n d  E . E .  T u r n e r ,  l , o c . c i t . , m . p .  1 6 8 - 1 6 9 ° ,
[ a ]  -  7 2 . 3 °  i n  a c e t o n e ) .
5791
( + ) - 2 , 2  ^ - B i s h y d r o x y m e t h y l - 1 , 1 * - b i n a p h t h y l :
S i m i l a r  r e d u c t i o n  o f  t h e  (+)  - a c i d  ( l 2 g . ) g a v e  t h e  
(+)  - d i o l  ( 9 . 4 g . ) ,  m . p .  1 6 8 - 1 6 9 ° ,
22
[ a l  4- 7 4 . 1 °  i n  a c e t o n e .
578
( - ) - 2 , 2 * - B i s b r o m o m e t h y l - 1 , 1 * - b i n a p h t h y l :
The ( - )  -  d i o l  ( 7 . 8 5 g . )  was  d i s s o l v e d  i n  b o i l i n g  
g l a c i a l  a c e t i c  a c i d  ( l 9 5 c . c . )  a n d  b o i l i n g  h y d r o b r o m i c  
a c i d  (d  1 . 4 9 ;  6 0 c . c . )  was  a d d e d .  The s o l u t i o n  c l e a r e d  
on  s h a k i n g ,  t h e n  be ca me  c l o u d y  a n d ,  a f t e r  a f e w  m i n u t e s ’ 
b o i l i n g ,  c r y s t a l s  s e p a r a t e d .  More  h y d r o b r o m i c  a c i d  
( 4 0 c . c . )  was  a d d e d  a nd  h e a t i n g  was  c o n t i n u e d  f o r  a 
t o t a l  t i m e  o f  7 m i n u t e s  a f t e r  t h e  f i r s t  a d d i t i o n  o f  
h y d r o j i r o m i c  a c i d .  A f t e r  c o o l i n g ,  t h e  s o l i d  was  f i l t e r e d  
o f f ,  w a s h e d  w i t h  w a t e r  a nd  s u c k e d  d r y .  The c r u d e  d i b r o m i d e  
( 1 0 . 9 g .  9 8 . 5 ^ )  h a d  m . p .  1 8 4  -  1 8 8 ° .  ;
22
[ a l  -  1 5 5 . 9 °  i n  b e n z e n e ,  
578
2 51
( D . M . H a l l  a n d  E. E. T u r n e r ,  l o c . c i t . . m . p .  18 4  -  186  
23
f a l  -  1 6 9 . 4 °  i n  b e n z e n e )
5791
an d  was u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .
( - f ) - 2 ,  2 * -Bi  sbromom e t h y l - 1 , 1  ’- b i n a p h t h y l  ;
S i m i l a r  t r e a t m e n t  o f  t h e  ( + ) -  d i o l  ( 7 . 8 g . )  g a v e  
t h e  ( + ) - d i b r o m i d e  ( l 0 . 9 g . ) ,  m . p .  184  -  1 8 8 ° ,
22
[«1 + 1 5 5 . 9 °  i n  b e n z e n e .
578
( + ) - 2 , 2 ’- D i m e t h y l - 1 , 1 ’- b i n a p h t h y l :
( - ) - 2 , 2 ’- B i s b r o m o m e t h y l - 1 , 1 ’- b i n a p h t h y l  ( l O g . ) was
t r e a t e d  a s  a l r e a d y  d e s c r i b e d  f o r  t h e  o p t i c a l l y  i n a c t i v e
compound .  ( + ) - 2 , 2 ’- D i m e t h y 1 - 1 , 1 ’- b i n a p h t h y l  was  o b t a i n e d
a s  a  w h i t e  c r y s t a l l i n e  compound  ( 4 . 5 g . )  m . p .  70  -  7 1 ° ,
2 2 . 5  2 2 . 5
[ a l  + 4 0 . 0 ° ,  [ a ]  4- 2 1 . 0 °  i n  m e t h a n o l .
436  578
( D . D . F i t t s ,  M. S i e g e l  a n d  K . M i s l o w ,  J .  Amer . Chem. S o c . ,
who made t h e  compound  u s i n g  t h e  same m e t h o d  q u o t e  m . p ,
64  -  6 7 ° ,
22
[ a l  4- 19°  i n  m e t h a n o l ,
D
( - ) - 2 , 2 ’- D i m e t h y l - 1 , 1 ’- b i n a p h t h y l s
S i m i l a r  t r e a t m e n t  o f  t h e  ( 4 - ) - d i b r o m i d e  ( l O g . )  g a v e  
( - ) - 2 , 2 ' - d i m e t h y l - 1 , 1 ' - b i n a p h t h y l  ( 4 . 6g . ) ,  m . p .  69  -  7 0 ° ,
Zt>8L
2 2 . 5  2 2 . 5
[ a ]  -  4 0 . 0 ,  -  2 1 . 0  i n  m e t h a n o l
436  578
A t t e m p t e d  r a c é m i s a t i o n  o f  2 , 2 * - d i m e t h y l - l , 1 * - b i n a p h t h y l : 
l )  i n  s o l u t i o n :
M e th o d  : P o r t i o n s  o f  a s o l u t i o n  o f  2 , 2 ' - d i m e t h y 1 - 1 , 1 '
- b i n a p h t h y l  i n  s u i t a b l e  s o l v e n t s  w e r e  s e a l e d  i n  g l a s s  
t u b e s  a nd  k e p t  i n  an o i l  t h e r m o s t a t .  A f t e r  a n u m b e r  
o f  h o u r s ,  t h e  g l a s s  t u b e s  w e r e  w i t h d r a w n  a n d  c o o l e d  t o  
room t e m p e r a t u r e  an d  o p t i c a l  r o t a t i o n s  m e a s u r e d .  
R a c é m i s a t i o n s  w e r e  t r i e d  a s  f o l l o w s :
( a )  A s o l u t i o n  o f  ( - f ) - 2 ,  2 ’- d i m e t h y l - 1 , 1 * - b i n a p h t h y l
20i n  m - x y l e n e ,  h a v i n g  + 0 . 0 3 0 ,  was s e a l e d  i n  a g l a s s
t u b e  an d  k e p t  a t  136^ i n  an  o i l  t h e r m o s t a t  f o r  9 h o u r s .
20I t  t h e n  h a d  a ^ y g  + 0 . 0 3 0  s h o w i n g  t h a t  no r a c é m i s a t i o n  
h a d  t a l i  en  p l a c e .
( b )  A s o l u t i o n  o f  t h e  h y d r o c a r b o n  i n  a - m e t h y l -
20n a p h t h a l e n e  h a v i n g  a ^y g  0 . 3 6 0  was  s e a l e d  i n  a g l a s s
t u b e  a n d  k e p t  a t  240°  i n  an  o i l  t h e r m o s t a t  f o r  15 h o u r s .
20I t  t h e n  h a d  a ^ y g  + 0 , 3 6 0  s h o w i n g  t h a t  i t  h a d  n o t  r a c e m i s e d .  
A s i m i l a r  a t t e m p t  a t  290°  g a v e  a  d a r k  s o l u t i o n  w h i c h  
c o u l d  n o t  be  s e e n  t h r o u g h .  He nce  t h e r e  m u s t  h a v e  b e e n  
a d e c o m p o s i t i o n  o f  2 , 2 ’- d i m e t h y l - 1 , 1 ’- b i a a p h t h y l . 
a - M e t h y l  n a p h t h a l e n e  w i t h o u t  t h t  b i n a p h t h y l  r e m a i n e d  
c l e a r  a t  t h i s  t e m p e r a t u r e .
3 4 o i t t n  h y d r o c a r b o n :
r2 ,  2 ’- D i m & t h y l - l ,  1 ’ - b i n a p h t h y l  h a v i n g  ( a j  -f 2 1 . 0
578
2 9 3
( i n  e t h a n o l )  was  s e a l e d  i n  a g l a s s  t u b e  a n d  k e p t  a t  290°  
i n  an  o i l  t h e r m o s t a t ,  f o r  a b o u t  40 h o u r s .  I t  was  t h e n  
w i t h d r a T O  a nd  c o o l e d  t o  room t e m p e r a t u r e .  The m o l t e n  
h y d r o c a r b o n  was  d a r k .  C r y s t a l l i z a t i o n  f r o m  e t h a n o l  g a v e  
d i r t y  broivn c r y s t a l s ,  m . p ,  52 -  54°
20
+ 1 1 . 0 ° .  An i n f r a r e d  s p e c t r u m  o f  t h i s  p r o d u c t
578
was  n o t  i d e n t i c a l  w i t h  t h a t  o f  t h e  2 , 2 ’- d i m e t h y l - 1 , 1 ' -
b i n a p h t h y l  u s e d  i n  t h e  a t t e m p t e d  r a c é m i s a t i o n .  h e n c e
t h e  h y d r o c a r b o n  h a d  d e c o m p o s e d .  The p u r e  h y d r o c a r b o n
o b t a i n e d  f r om  t h e  d e c o m p o s i t i o n  p r o d u c t  h a d  
20
f a ]  4- 2 1 . 0 °  s h o w i n g  t h a t  i t  h a d  h o t  r a c e m i s e d  
578
R e s o l u t i o n  o f  1 , 1 ’- b i n a p h t h y l - 8 , 8 ’- d i  c a r b o x y l i  c a c i d  :
A . S . C o o k e  and  M . M . H a r r i s ,  J .  Chem. S o c . , 1 9 6 3 ,  2 3 6 5 .
J .  M e i s e n h e i m e r  an d  0 ,  i i e i s s w e n g e r , B a r .  1 9 3 2 ,  32 .
A. C o r b e l l i n i ,  C ^ . , 26 ,  1 2 7 7 .
1 , 1 ’- B i n a p h t h y l , 8 , 8 * - d i c a r b o x y l i c  a c i d  ( 4 g . ) was  
a d d e d  t o  b r u c i n e  ( 5 . 6 g . ) d i s s o l v e d  i n  m e t h y l  a l c o h o l  
( l . 2 1 i t r e s ) .  The s o l u t i o n  was  b o i l e d  u n t i l  a l l  a c i d  
d i s s o l v e d .  I t  was  t h e n  e v a p o r a t e d  down t o  a b o u t  8 0 0 c . c .  
On s t a n d i n g  t h e  s o l u t i o n  d e p o s i t e d  t h e  ( - ) - a c i d  b r u c i n e  
s a l t  a s  c o l o u r l e s s  p r i s m s  ( 4 . I g . ) ,  m . p .  262  -  2 7 5 ° ,
2 1 . 5
l a }  -  4 9 7 . 2 ° .
546
(Cooke  a nd  H a r r i s  q u o t e  m . p .  260 -  2 7 5 ° ,
2 1 . 4
[ a ]  -  481
5461
a n d  M e i s e n h e i m e r  a n d  B e i s s w e n g e r  q u o t e  m . p .  255 -  262°
26
[ a ]  -  3 9 5 ° )
D :
The m o t h e r  l i q u o r  was  e v a p o r a t e d  t o  d r y n e s s  a n d  t h e
r e s i d u e  d i s s o l v e d  i n  e t h y l  a c e t a t e  (2  l i t r e s )  by  b o i l i n g
The s o l u t i o n  was  f i l t e r e d  h o t  a n d  c o n t e n t r a t e d  t o  a b o u t
1 / 4  o f  t h e  o r i g i n a l  v o l u m e .  On c o o l i n g ,  t h e  (-*-)—a c i d
b r u c i n e  s a l t  ( 3 . 7 g . )  was  o b t a i n e d  a s  f e a t h e r - l i k e
c r y s t a l s ,  m . p .  220 -  2 4 0 ° ,
2 1 . 5
t a l  -  5 3 5 . 3
546
2 1 . 4
( Coo ke  a n d  H a r r i s  q u o t e  m . p .  220  -  2 5 0 ,  [ a l  + 4 8 3 °
5461
Z 5 5
a n d  M e i s e n h e i m e r  a n d  B e i s s w e n g e r  q u o t e  m . p .  228 -  2 3 4 ° ,
27
f a ]  + 3 7 7 ° .
D
O p t i c a l l y  a c t i v e  a c i d s  :
( - ) - l , 1 ! - B i n a p h t h y l - 8 , 8 ’- d i c a r b o x y l i e  a c i d :
The ( - ) - a c i d  b r u c i n e  s a l t  ( l O g . ) was  d i s s o l v e d  i n  
c h l o r o f o r m  ( 2 0 0 c . c . )  an d  t h e  s o l u t i o n  was  e x t r a c t e d  w i t h  
c h i l l e d  a q u e o u s  s o d i u m  h y d r o x i d e .  The s o d i u m  h y d r o x i d e  
was  w a s h e d  t w i c e  w i t h  c h l o r o f o r m  a n d  o n c e  w i t h  e t h e r ,  an d  
i m m e d i a t e l y  p o u r e d  i n t o  c h i l l e d  d i l u t e  h y d r o c h l o r i c  a c i d .
The p r e c i p i t a t e d  d i a c i d  was  t h r o u g h l y  w a s h e d  w i t h  w a t e r  
a n d  d r i e d .
2 0 . 5
Y i e l d  : 4 . 5g .  , m. p .  3 1 9 - 3 2 2 °  ( d e c o m p . ) ,  [pc] -  7 4 0 . 7 °
546
C r y s t a l l i z a t i o n  f r o m  N N - d i m e t h y l f o r m a m i d e :
The ( - ) - d i a c i d  ( i g . ) was  q u i c k l y  a d d e d  t o  b o i l i n g
N N - d i m e t h y l f o r m a m i d e  ( 5 c . c . )  a n d  t h e  s o l u t i o n  s h a k e n  u n t i l
a l l  a c i d  d i s s o l v e d .  E t h y l  a l c o h o l  ( lO d r o p s )  was  a d d e d
a n d  t h e  s o l u t i o n  q u i c k l y  c o o l e d  u n d e r  a  t a p ,  when t h e
( - ) - d i a c i d  ( 0 . 3 g . )  was  d e p o s i t e d  a s  m i c r o - c r y s t a l s ,  m . p .
21
3 2 0 - 3 2 1 °  ( d e c o r a p . ) ,  [ o ]  -  6 2 0 . 1 °
546
( F o u n d :  C, 7 7 . 0 5 ;  H, 4 . 2 1 ;  0 ,  1 8 . 6 4 .
c a l c u l a t e d  f o r  C__H., 0 
C, 7 7 . 2 0 ;  H, 4 . 1 0 ;  0 ,  1 8 . 7 0 .  ^
( - f ) - l ,  1 ’- B i n a p h t h y l - 8 . 8  ’- d i c a r b o x y l i c  a c i d :
T r e a t m e n t  o f  t h e  ( - f - ) - a c i d  b r u c i n e  s a l t  ( l O g .  ) a s  a b o v e  
g a v e  t h e  ( + ) - d i a c i d  ( 4 . 5 g . ) ,  m . p .  3 1 9 - 3 2 2 °  ( d e c o m p . )
Z 5 6
2 0 . 5
[ a l  + 7 3 8 . 9 °
546
I
C r y s t a l l i z a t i o n  f ro m  N N - d i m e t h y l f o r m a m i d e  g a v e  t h e  ( - f ) - d i a c i d
20 . 5
m . p .  3 2 0 - 3 2 2 °  ( d e c o m p . ) ,  [ a ]  + 601°
546
( f o u n d :  C, 7 7 . 1 8 ;  H, 4 . 2 4 ;  0 ,  1 8 . 8 5  C a l c ,  f o r  ^22^14^4^
C, 7 7 . 2 ;  H, 4 . 1 ;  0 ,  1 8 . 7 ^ ) .
P r e p a r a t i o n  o f  o p t i c a l l y  a c t i v e  e s t e r s :
MO:
P r e p a r a t i o n  o f  d i a z o m e t h a n e :
O r g . S y n t h . , 1 9 5 6 ,  36.» 1 6 .
p - C H ^  C^H^SO^N ( NO ) CH^ 4- ROH -------  CH^N^ 4-
p -C H ^ C ^ H ^ S O ^ y O R  4- H^O
Q u i c k f i t  a p p a r a t u s  was  u s e d  a nd  t h e  j o i n t s  w e r e  
f i t t e d  w i t h  p l a s t i c  s l e e v e s  t o  l i m i t  t h e  p o s s i b i l i t y  
o f  an  e x p l o s i o n .
P o t a s s i u m  h y d r o x i d e  ( 5 g . ) ,  w a t e r  ( 8 c .  c . )  a n d  95?^ 
e t h a n o l  ( 2 5 c . c . )  w e r e  p l a c e d  i n  a r o u n d  b o t t o m e d  f l a s k .  
Two r e c e i v i n g  f l a s k s  w e r e  p l a c e d  i n  s e r i e s  w i t h  e a c h  
o t h e r  an d  40 -  6 0 c . c .  was  p u t  i n t o  t h e  s e c o n d  f l a s k ,  
t o  t r a p  a n y  d i a z o m e t h a n e  w h i c h  m i g h t  e s c a p e  N - m e t h y l -  
N - n i t r o s o - p - t o l u e n e - s u l p h o n a m i d e  ( 2 1 . 5 g « )  d i s s o l v e d  i n  
e t h e r  ( l 5 0 c . c . )  was  a d d e d  f r o m  a  d r o p p i n g  f u n n e l  t o  t h e  
p o t a s s i u m  h y d r o x i d e  s o l u t i o n  i n  t h e  f l a s k ,  w h i c h  was
on  a w a t e r - b a t h  k e p t  a t  6 0 - 7 0 ^  -.lien a d d i t i o n  was  c o m p l e t e  
a f u r t h e r  5 c . c . o f  e t h e r  was a d d e d  an d  t h e  d i s t i l l a t i o n  
c o n t i n u e d  u n t i l  t h e  d i s t i l l a t e  was c o l o u r l e s s .  The 
d i s t i l l a t e ,  c o n t a i n i n g  d i a z o m e t h a n e  ( 2 . 6  -  2 . 7 g . ) was  
u s e d  i m m e d i a t e l y .
( - ) -D i me  t h y  1 - 1 , 1  *- b i n a . oh t hy  1-8-,  8 ' - d i  c a r b o x y l  a t e  :
The ( - ) - d i a c i d  ( 5 g . )  was s l o w l y  a d d e d  t o  a c o l d  
e t h e r e a l  s o l u t i o n  o f  d i a z o m e t h a n e  ( l O O c . c .  -  c o n t a i n i n g  
1 . 3 g .  CH^N^) The r e a c t i o n  p r o c e e d e d  w i t h  an e f f e r v e s c e n c e  
a n d  a w h i t e  s o l i d  c r y s t a l l i z e d  o u t .  Vrhen t h e  r e a c t i o n  
was c o m p l e t e ,  t h e  s o l i d  was  f i l t e r e d  o f f ,  w a s h e d  w i t h  
a q u e o u s  so d i u m  c a r b o n a t e ,  w a t e r  a n d  d r i e d .
Y i e l d :  4 . 5 g . ,  m . p .  124  -  1 26°
20
f a )  -  2 1 7 . 5 ° .
546
( F o u n d :  C, 7 7 . 9 ;  H, 4 . 9 3 ;  0 ,  1 7 . 3 9 .  C a l c ,  f o r  ^24^^18^4*
C, 7 7 . 8 ;  H, 4 . 9 ;  0 ,  17 .3ÿo) .
( 4 - )-Dim e t h y l - 1 , 1  ^ - b i n a p h t h y l - 8 , 8  ' - d i  c a r  bo x y  l a t e  :
T r e a t m e n t  o f t h e  ( + ) - d i a c i d  ( 5 g . ) a s  a b o v e  g a v e  t h e
20
( 4 - ) - d i e s t e r  ( 4 . 5g .  ) ,  m . p .  1 2 4 - 1 2 6 ° ,  [ a ]  4- 1 7 7 . 2 °
546
(Found:  C, 7 7 . 7 9 ;  II, 4 . 8 1 ;  0 ,  1 7 . 2 1 .  C a l c ,  f o r
C, 7 7 . 8 ;  H, 4 . 9 ;  0 ,  17.3^^)
( 4 - ) - 8 , 8  *- B i s h r o m o m e t h y l - 1 , 1  *- b i n a p h t h y l  :
The m o t h e r  l i q u o r  f r o m  a b o v e  ( c o n t a i n i n g  t h e  ( 4 - ) - d i o l )  
was  e v a p o r a t e d  t o  d r y n e s s  a n d  t h e  r e s i d u e  d i s s o l v e d  i n  h o t
250
g l a c i a l  a c e t i c  a c i d .  Hot  h y d r o b r o m i c  a c i d  ( d = 1 . 5 )  was
a d d e d  an d  a  y e l l o w  d i b r o m i d e  s e p a r a t e d  o u t .  More  h y d r o b r o m i c
a c i d  was a d d e d  an d  t h e  r e a c t i o n  m i x t u r e  a l l o w e d  t o  c o o l .
The d i b r o m i d e  was f i l t e r e d  o f f ,  w a s h e d  w e l l  w i t h  w a t e r
and  d r i e d .  R e c r y s t a l l i z a t i o n  f r o m  c h l o r o f o r m  g a v e  a
20
y e l l o w  c r y s t a l l i n e  compound ,  m . p .  1 8 5 - 1 8 6 ° ,  [ a J  + 4 4 7 . 7 °
546
(F o u n d :  C, 6 0 . 1 4 ;  H, 3 . 7 6 ;  B r ,  3 6 . 3 7 .  C a l c ,  f o r  
C, 6 0 . 0 ;  H, 3 . 7 ;  B r ,  36.3^/^)
(•f ) - 8 , 8  * - B i  s h y d r o x y m e t h y l - 1 , 1  * - b i n a p h t h y l  :
( - ) - D i m e t h y 1 - 1 , 1 * - b i n a p h t h y l - 8 , 8  * - d i c a r b o x y l a t e  ( 7 . 5 g . )
was  r e d u c e d  w i t h  l i t h i u m  a l u m i n i u m  h y d r i d e  a s  g i v e n  i n
t h e  s y n t h e t i c  s e c t i o n ,  e x c e p t  t h a t  t h e  r e a c t i o n  m i x t u r e
was  r e f l u x e d  f o r  1^ h o u r s  a n d  t h e  e t h e r  r e m o v e d  u n d e r
r e d u c e d  p r e s s u r e  f r o m  a w a t e r  b a t h  k e p t  b e l o w  5 0 ° .
20
Y i e l d :  1 . 5 g . , m . p .  1 4 3 - 1 4 5 ° ,  [ a ]  + 1 6 . 5 °
546
( F o u n d :  C, 8 3 . 7 ;  H, 5 . 9 6 ;  0 ,  1 0 . 2 9 .  C a l c ,  f o r  C ^ 2 ^ 1 8 ^ 2 '
C, 8 4 . 0 5 ;  H, 5 . 8 ;  0 ,  1 0 . 2 ^ )
( - ) - 8 , 8 ' - B i  sh y d r o x y m  e t h y l - 1 , 1 ' - b i n a p h t h y l :
T h i s  was  p r e p a r e d  i n  t h e  same way a s  t h e  ( - f ) - d i o l ,  
f r o m  ( - f ) - d i m e t h y l  e s t e r  ( 7 . 5g .  ) .  The ( - ) - d i o l  ( l . 4 g . )
0 . 5
h a d  m . p .  1 4 3 - 1 4 5 ° ,  f a ]  -  1 3 . 5 °
546
( F o u n d :  C, 8 3 . 7 ;  H, 6 . 1 2 ;  0 ,  1 0 . 2 6 .  C a l c ,  f o r  C ^ 2^ 18 ^2 "
C, 8 4 . 0 5 ;  H, 5 . 8 ;  0 ,  10.2?^)
( - ) - 8 , 8  * - B i s b r o m o m e t h y l - l , 1  *- b i n a p h t h y l :
The m o t h e r  l i q u o r  f r o m  t h e  p r e p a r a t i o n  o f  t h e  ( - ) - d i o l
was e v a p o r a t e d  t o  d r y n e s s  and  t h e  r e s i d u e  d i s s o l v e d  i n
h o t  g l a c i a l  a c e t i c  a c i d .  Hot  h y d r o b r o m i c  a c i d  ( d = 1 . 5 )
was ad d ed  and t h e  d i b r o m i d e  s e p a r a t e d  o u t .  More  h y d r o b r o m i c
a c i d  was a d d e d  and  t h e  r e a c t i o n  m i x t u r e  a l l o w e d  t o  c o o l .
The d i b r o m i d e  was f i l t e r e d  o f f ,  w a s h e d  w i t h  w a t e r ,  d r i e d
and  r e c r y s t a l l i z e d  f rom c h l o r o f o r m  t o  g i v e  a y e l l o w
20
c r y s t a l l i n e  compound,  m . p .  1 8 5 - 1 8 6 ° ,  [ a ]  -  4 3 7 . 7 °
546
(F o u n d ;  C, 6 0 . 1 9 ;  H, 3 . 8 ;  B r ,  3 6 . 4 5 .  C a l c ,  f o r  
C, 6 0 . 0 ;  H, 3 . 7 ;  Br ,  36.3fb)
( + ) - 8 , 8 ' - D i m e t h y 1 - 1 , 1 " - b i n a p h t h y l :
20
( + ) - 8 , 8 * - B i s b r o m o m e t h y l - 1 , 1 " - b i n a p h t h y l  ( 5 g . ) fa} + 4 4 7 . 7
546
i n  sod ium d r i e d  e t h e r  ( 7 5 0 c . c . )  was  a d d e d  w i t h  s t i r r i n g ,  t o
l i t h i u m  a l u m i n i u m  h y d r i d e  ( l . 4 g . )  i n  t h e  same s o l v e n t  ( 5 0 0 c . c . )
and  t h e  r e a c t i o n  m i x t u r e  h e a t e d  u n d e r  r e f l u x  f o r  one  h o u r .
E x c e s s  m e t a l  h y d r i d e  was d e c o m p o s e d  by d r o p w i s e  a d d i t i o n  o f
e t h y l  a c e t a t e  and  t h e  e x c e s s  p o t a s s i u m  h y d r o x i d e  was a d d e d .
The o r g a n i c  l a y e r  was w a s h e d  w i t h  w a t e r  and  d r i e d  o v e r
m agnes ium s u l p h a t e .  The s o l v e n t  was  r e m o v e d  u n d e r  r e d u c e d
p r e s s u r e  and  t h e  r e s i d u e  c r y s t a l l i z e s  f r om  e t h e r .
20
Y i e l d :  2 . 7 g .  m . p .  1 2 9 - 1 3 0 ° ,  [ a l  + 2 5 7 . 5 °
546
( Fo un d :  C, 9 3 . 5 ;  H, 6 . 3 8 ;  C a l c ,  f o r  C, 9 3 . 6 ;  H, 6 . 4 ^ )
( - ) - 8 , 8 " - D i m e t h y l - 1 , 1 " - b i n a p h t h y l :
T r e a t m e n t  o f  t h e  ( - ) - 8 , 8  * - b i s b r o m o m e t h y l - l , 1 " - b i n a p h t h y l
20
f a )  -  4 3 7 . 7 °  a s  a b o v e ,  g a v e  t h e  ( - ) - d i m e t h y l  compound ,
546
ZfeO
20
m . p .  1 2 9 - 1 3 0 ° ,  [o1 -  1 9 8 . 8 °
546
( F o u n d :  C, 9 3 . 4 9 ;  H, 6 . 4 8 .  C a l c ,  f o r  ^22^18' 9 3 . 6 ;  H, 6.4^»]
R ep rin ted  from  C h e m i c a l  C o m m u n i c a t i o n s ,  Î9(n. p a g e  i25.
Racémisation Parameters for 8'-M ethyl-l,î'-binaphtliyî-8-carboxyîic 
Acid. Negligible Steric Retardation by the Garboxyiic Acid Group
B y M a r g a r e t  M.  H a r r i s  a n d  R. Z. M a z e n g o  
{Department of  Chemistry, Bedford College, London,  N.R'M)
T hic A rrh en iu s  p a ra m e te rs  an d  tra n s it io n -s ta te  
th eo ry  fun c tio n s for racém isa tio n  in N A '-dim  e th y l- 
fo rm am ide  so lu tio n  of o p tica lly  ac tiv e  1,1'- 
b in a p h th y l, 1,1 '-b in ap h th y l-8 -ca rb o x y lic  acid , and  
l.r -b in a p h th y l-8 ,8 '-d ic a rb o x y lic  acid  are  re m a rk ­
ab ly  a liked
The racém isation of optically  active 8-m ethyl-
1,1 '-binaphthyl has recently been studied.^ W e have  
now resolved 8 '-m eth y l-1,1 '-binaphthyl-8-carboxy- 
lic acid^ through its brucine salt and observed its 
racém isation in AhV-dim ethylform am ide solution  
at eight tem peratures between 70^ and 105". The 
racém isation param eters calculated from the 
velocity  constants are alm ost identical w ith those 
for the 8 -m eth y l-1 .1'-binaphthyl ;—
1,1'-B inaphthyh
1 ,]'-B inaphthyl-8-carboxylic acid^
1.1'-Binaphthyl-8,8'-dicarboxylic acid^ 
8-Meth y 1-1.1 '-binaphthyl- . .
8 '-M ethyl-l, I '-b inaphth  y 1-8-car boxy lie acid
The 8-carboxylic acid group appears to  make no 
significant m easurable steric contribution to  the 
energy barrier to racém isation. One possible  
explanation  is th at it is equally effective in its 
steric influence on the energy of the ground state  
and of the transition state; this is not the case for 
the m ethyl group.^
Proof of the situation  of the m ethyl group and 
the carboxylic acid group in the 8- and 8'-positions 
rests on (a) the synthesis from 1,1 '-b inaphthyl-8 ,8'- 
dicarboxylic acid, (b) ready decarboxylation to 8- 
m eth y l-1 ,1'-binaphthyl, and (c) form ation of a 
m ixed anhydride (with acetic anhydride) accom ­
panied by ring closure to  form 13-m ethyl-7- 
oxodibenz[a,AZlanthracene on long boiling.
■Prac ^FX M i l
(k.cal. (k.cal
m ole-') logio-'l mole- 9 (e.u.)
22 5 12 1 235 21 9 - 5  2
224 12-0 23 5 21-8 — 5-5
22 1 113 24 4 21-5 - 9 1
25 3 117 272 24-6 -7 -3
25 3 11*6 27-4 24-6 -7 -7
[Received, December loth,  1966; Com.  995.)
’ .A S. Cooke and M. M. Harris, J . Chcm. Soc., 1963, 2365.
 ^ .V. S. Cooke and M. M. Harris, subm itted for publication.
 ^ The ( ± l-ac id  was prepared in 1965 by A. S. Cooke and M. M. H arris (unpublished).
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Negligible S te r ic  R e ta rd a t io n  by t h e  C arboxy-g roup  in t h e  Racém isa t ion  
of  8 -IVIethyl-1,1 -b inaphthy l-8-carboxyl ic  Acid '■
By Margaret M . Harris.* R. Z. Mazengo, a n d  (in part)  Ann S. Cooke, Chemis t ry  De par tmen t ,  Bedford  Col lege,  
R e g en t ' s  Park,  L on d o n  N.W.1
8 ' - M e t h y l -1,1 ' - b i n a p h t h y l - 8 -carboxyl ic  acid has  b e en  s yn th es i se d  a nd  resolved into its e n an t io me r ic  forms.  
Arrhenius  p a r am et e r s  a n d  t rans i t ion -s t a t e  t heo r y  f u nc t i on s  for r acémi sa t ion  in A/A/-dimethylformamide solut ion 
have  b e e n  d e te r mi n ed  a nd  are c o m p a r e d  wi t h  t h o s e  for opt ical ly act ive  1 , 1 ' - b i n ap h t h y l  a n d  its r e levant  subs t i tu t ion  
pr oduc t s .
In the 1,1'-binaphthyl series, where all members are 
inherently capable of optical activ ity , substitution in 
the 2- and 2'-positions confers much greater resistance to  
optical inversion than does substitution in the 8- and 
8'-positions.2 W hile 1,1 '-binaphthyl-2,2'-dicarboxylic  
acid is optically stable, the 8,8'-acid is easily optically  
labile ; this difference has been attributed to the ground- 
state energy of _/>m-substituted naphthalenes, resulting  
from steric compression and being accom panied by  
distortion which is favourable to configurational inver­
s i o n .2-3 Moreover, the Arrhenius parameters for racém ­
isation of the 8- and 8,8'-substituted carboxylic acids 
and esters are strikingly like those for 1,1'-binaphthyl 
itself ; 3 in other words, the m olecules reach the transition  
state for optical inversion as easily as if the substituents 
were not present.
Unlike the acid and ester groups, which show this 
steric peculiarity, m ethyl and hydroxym ethyl groups in 
the 8- and 8'-positions make a substantial addition to the 
energy of activation for racémisation ; here the incre­
m ent difference, E  (transition  sta te) E  (ground state)» is
positive, while for acid and ester groups it is effectively  
zero.
To com plete the investigation of this series of l , l '-b i-  
naphthyls, we have prepared optically  active 8'-m ethyl-
1,1 '-binaphthyl-8-carboxylic acid and determined its 
racém isation parameters in TVA^-dimethylformamide 
solution. The starting m aterial for synthesis is 8-bromo- 
1-naphthoic acid;® this m ight in principle afford two  
routes : {a) one in which half the material was reduced 
(as its m ethyl ester) ® to l-brom o-8-m ethylnaphthalene, 
followed by a m ixed Ullm ann reaction with the other 
half; or (6) the binaphthyl dicarboxylic acid could be 
prepared in itially  and then one acid (or ester) group 
reduced to the m ethyl group, leaving the other. R oute  
(a) proved im practical at the reduction stage, but (d) was 
effective. 8 '-E thoxycarbonyl-l,l'-b inaphthyl-8-carb- 
oxylic acid as an interm ediate is preferable to the corre­
sponding m ethyl ester, which it is more difficult to 
separate from the di-acid. The m onoethyl ester was
* The (4 :) -acid was first prepared in 1965 by A. S. Cooke 
and M. M. Harris (unpublished) from (± )- 8 '-ethoxycarbonyl- 
I , U-binaphthyl-8 -carboxylic acid.
' Preliminary communication, M. M. Harris and R. Z. 
Mazango, Chem. Comm., 1967, 125.
* A. S. Cooke and M. M. Harris, J . Chem. Sac., 1963, 2365, 
and references therein.
3 Y. Badar, A. S. Cooke, and M. M. Harris, J . Chem. Soc., 
1965, 1412.
converted into 8 '-h yd roxym eth y l-l, 1 '-binaphthyl-8-carb- 
oxylic acid by  lithium  aluminium hydride reduction, 
thence into the brom om ethyl com pound which with  
lithium  aluminium hydride yielded 8 '-m eth y l-l,l'-b i-  
naphthyl-8-carboxylic acid.* A slightly different route 
to the same com pound led through the alkaline hydrolysis 
of 8-hydroxym ethyl-8'-m ethoxycarbonyl-1,1'-bi­
naphthyl.
Resolution was accom plished by crystallisation of the 
brucine salt from ethanol, the (—)-acid being
obtained from the least soluble salt and the 
(-t-)-acid from the mother-liquor. Racém isation was 
followed in iVA’-dim ethylform am ide solution at eight 
tem peratures between 70 and 105°.
Arrhenius param eters and transition-sta te  theory 
functions for racém isation in AA^'-dimethylformamide 
solution
E tac
(kcal. AFX AH t ASÎ
mole"') Logio A (kcal. mole'') (e.u.)
1,1'-Binaphthyl ............  22 5 12 1 23 5  21 9 - 5  2
1 , l'-Bi^aphthyl-8 -carb-
oxylic acid 3 ................  22 4 12 0 23 5 21 8  — 6  5
1, l'-Binaphthyl-8 ,8 '-di-
carboxylic acid 2 ........  22 1 11 3 24 4 21 5 —9 1
8 -Methyl-1 , 1 '-bi­
naphthyl 3 ....................  25 3 11 7 27 2 24-6 —7 3
8 '-Methyl-l,l'-bi-
naphthyl-8 -carboxylic
acid ...........................  25 3(5) 11 6  27 4 24-6 -7 -7
Reference to the Table shows that the racémisation  
parameters for 8 '-m eth y l-l, 1 '-binaphthyl-8-carboxylic  
acid are alm ost identical w ith those for 8 -m eth y l-l,l'-b i­
naphthyl; the overall increm ent (compared with 1,1'-bi­
naphthyl) is that of the m ethyl group alone.
Group migration is not unknown in the naphthalene 
series; ’^>3 therefore it is reasonable to look closely at the 
proof of the orientation of the m ethyl acid. The evid­
ence is as follows: {a) the acid is prepared from 1,1'-bi­
naphthyl-8,8'-dicarboxylic acid which is itself easily  
converted into anthanthrone; {b) when boiled in
« A. S. Cooke and M. M. Harris, J . Chem. Soc. (C), 1967, 988.
® H. G. Rule, W. Pursell, and R. R. H. Brown, J . Chem. Soc., 
1934, 168.
® G. J. Karabatsos, R. L. Shone, and S. E. Scheppele, Tetra­
hedron Letters, 1964, 2113.
’ G. Suld and A. P. Stuart, J . Org. Chem., 1964, 29, 2939.
® V. A. Koptyug, V. G. Shubin, and V. A. Plakhov, Zhur. 
obshchei Khim., 1961, 31, 4023.
» H. G. Rule and F. R. Smith, / .  Chem. Soc., 1937, 1096.
Y. Badar, A. S. Cooke, and M. M. Harris, J . Chem. Soc. (C), 
1966, 1315.
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quinoline with copper-bronze the acid lost carbon dioxide 
and left a hydrocarbon identical (infrared spectrum, 
m elting point, and m ixed m elting point) with 8-m ethyl- 
l,r -b in a p h th y l;  ^ (c) on boiling the acid with acetic 
anhydride under reflux for 5 hours a m ixed anhydride 
was formed; longer boiling gave a small quantity  of 
13-methyldibenz[a,/^/]anthracen-7-one, which shows a 
major infrared peak at the low value of 1633 cm.~^ 
corresponding to that at 1637 cm .“^  attributed to the  
carbonyl group in phenalen-l-one and at 1640 cm."^
in dibenz[a,M]anthracen-7-oned°"^3 Ring closure is
evidently relatively inhibited in this compound, in com ­
parison with the 8- or 8,8'-carboxylic acids, probably 
owing to the steric influence of the m ethyl group. The 
carbonyl peak in the m ethyl acid itself is at 1689 cm.'^.
EXPERIM EN TAL
Optical ro tations were measured on the ' Carl Zeiss 
Photoelectric Precision Polarim eter 0-005° ’ and refer to 
X =  578 mp. Portions of a solution of optically active 
8 '-m e thy l-l,P -b inaph thy l- 8 -carboxylic acid were sealed in 
glass tubes, kept in an oil therm ostat, w ithdraw n a t suitable 
intervals, im m ediately cooled to room tem perature, and the 
optical rotation  was read a t 21-5°. M aterial recovered after 
complete racém isation was identical in m. p., mixed m. p., 
and infrared spectrum  with the original (± )-acid .
A ction o f L ith iu m  A lu m in iu m  H ydride on M ethyl S-Bromo- 
1-naphthoate.—M ethyl 8 -brom o-l-naphthoate ® (6 - 6  g.) was 
dissolved in sodium-dried ether, added to lithium  aluminium 
hydride (2-9 g.) in sodium-dried ether, and heated under 
reflux for H  hr. Normal work-up gave a liquid product 
which thin-layer chrom atography on alum ina showed to 
be mainly a single substance, containing a small quan tity  
of a second one. The whole was dissolved in boiling glacial 
acetic acid and hydrobrom ic acid added a t the boiling point ; 
the yellow liquid which separated was extracted w ith benz­
ene and treated  w ith lithium  aluminium hydride. Normal 
work-up gave 1 -m ethylnaphthalene containing no trace of 
a second product (thin-layer chrom atography).
{:L)-^'-H ydroxym ethyl-\,V -binaphthyl-9,-carboxylic A c id .— 
M ethod A . (T )-E th y l hydrogen 1 , 1  '-b inaphthyl- 8 ,8 '-di- 
carboxylate (5-0 g.) suspended in sodium-dried ether and 
benzene (1 :1 ) (300 c.c.) was added to lithium  alum inium  
hydride (5-0 g.) in the same mixed solvent (450 c.c.) and 
heated  under reflux for 2 hr. Normal work-up gave the 
product (2-5 g.), m. p. 219— 220° (from ethanol) (Found: 
C, 80-1; H, 4-9; 0 ,15-3 . requires C, 80-5; H, 4-9;
O , 14 6 % ) .
M ethod B . ( 2 h)-8 -H ydroxym ethyl- 8 '-m ethoxycarbonyl- 
1,1'-b inaphthyl 3 (2-4 g.) was boiled w ith 30% ethanolic 
potassium  hydroxide (40 c.c.) for \  hr. The ethanol was 
then removed and the residue heated a t 130— 140° for |  hr. 
Normal work-up gave the (T)-hydroxy-acid (1-9 g.), m. p. 
219— 220°, identical w ith the product from m ethod A.
{±^)-8'-Brom om ethyl-l,l'-binaphthyl-S-carboxylic A c id .— 
The above hydroxym ethyl acid (3-0 g.) was dissolved in 
boiling glacial acetic acid (60 c.c.) and allowed to cool for 
a few minutes. H ot hydrobrom ic acid was added, w ith 
stirring. After 1 hr. the solution had deposited pale yellow 
crystals; recrystallisation from glacial acetic acid gave the
"  N. H. Cromwell and G. V. Hudson, J. Amer. Chem. Sac., 
1953, 75, 872.
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product (3-1 g.), m. p. 180— 190° (decomp.) (Found: C, 67-5; 
H, 4-05; Br, 20-4; O, 8-2. Q^H^gBrOg requires C, 67-5; 
H, 3-9; Br, 20-4; O, 8-2%).
{D -S '-M ethyl-l,\'-b inaph thy l-S -carboxylic  A cid .— The 
above brom om ethyl acid (5-0 g.) in sodium-dried ether 
(200 c.c.) and benzene (50 c.c.) was added to lithium  alum in­
ium hydride (5-0 g.) in the same mixed solvent (500 c.c.) and 
heated under reflux for 1 ^ hr. Normal work-up gave the 
product (2-1 g.), m. p. 252— 254° (from ethanol) (Found: 
C, 84-4; H, 5-3; O, 10-2. requires C, 84-6; H,
5-2; O, 10-2%) ; m ajor infrared peak a t —1689 cm."'.
Resolution o f {L )-^ '-^^ th y l-l,l'-b in a p h th y l-S -ca rb o xy lic  
A cid .—The resolution was effected by crystallising the 
brucine salt from ethanol; various conditions were tried 
and the optim um  procedure was as follows. The (T j-acid  
(2-0 g.) was dissolved in ethanol (300 c.c.) and to it was 
added a solution of brucine (3-0 g., 1-2 mol.) in ethanol 
(300 C.C.). The solution was evaporated down to 150 c.c. 
and allowed to cool slowly to room tem perature; 1 - 8  g. of 
brucine ( —)-acid salt (A) crystallised, m. p. 161— 163°, 
[a]2 ' - 5  —239-9° (in CHCI3 ). Concentration of the mother- 
liquor from (A) to half-volume gave a further 0-5 g. of 
brucine salt (B), m. p. 161— 162-5°, [a]"'» -2 11 -8°; (A) 
and (B) together represent a 50% yield of brucine salt, based 
on the q uan tity  of ( i  )-acid used. The salt (A) was dissolved 
in chloroform and twice extracted with N-sodium hydroxide; 
the alkaline ex tract was washed twice w ith chloroform and 
once with ether, and acidified w ith hydrochloric acid, to 
give 0-55 g. of the { - ) -a c id ,  m. p. 247-5— 248°,
— 253-4° (in CHCI3 ). Cool evaporation of the m other- 
liquor froih (B) gave a non-crystalline residue (C) which 
failed to crystallise from any of a large variety  of solvents. 
I t  was therefore dissolved in chloroform and the {-\-)-acid 
extracted  from it as described for salt (A). I t  had ni. p. 
247-5— 248°, +250-2° (CHCI3).
The ( —)-acid racemised when heated under reflux in 
sodium hydroxide solution ; the ( +  )-acid recovered was 
identical w ith the ( +  )-acid used for the resolution (m. p., 
mixed m. p., infrared spectrum). Racém isation was not 
followed polarim etrically in sodium hydroxide solution, as 
the ro tation  of the sodium salt in w ater is inconveniently 
small in comparison w ith th a t of the acid in N N -dim ethyl­
formamide.
Racém isation o f ( +  )- and { -)-S '-M e th y l-l ,l '-b in a p h th y l-  
8-carboxylic A cid  in  NFi-D im ethy I f ormamide Solu tion .— 
Racém isation took place according to  the first-order kinetic 
law. Calculation of E, log^^ A , AF*. ANb and AS* was 
carried out according to the procedure previously ou t­
lined.'^
70-0° 75-3° 80-1° 85-05°
c ....................... 0-5029 0 6200 0-5515 0-5580
lO-’A (sec.-')........... 3-2 5-4 8-65 14-65
90-0° 95-0° 100-0° 105-0°
c .........................  0-5500 0-5240 0-7010 0-5740
103/ï (sec.-')....... 24 1 40-1 59-5 98-5
whence E  =  25-3 kcal. mole"' (graphical), 25-4 (least- 
squares calculation); log^g A =  11-6. AF+ =  27-4 kcal. 
mole"' ; AH* =  24-6 kcal. m ole"'; ASf =  —7-7 e.u.
Decarboxylation o f {L )-^'-^ 'D thyl-\,V -h inaphthyl-8-carb-  
oxylic A cid .—The ( +  )-acid (1-0 g.) was boiled in quinoline 
w ith copper-bronze for about 20 min. Normal work-up
'2 D. H. Reid and R. G. Sutherland, J . Chem. Soc., 1963, 3295. 
'3 J. Meisenheimer and O. Beisswenger, Ber., 1932, 65, 32.
"  D. M. Hall and M. M. Harris, J . Cheni. Soc., 1960, 490.
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and crystallisation from light petroleum  (b. p. 40— 60°) 
gave 8 -m ethyl-1,1 '-b inaphthyl, m. p. 113— 115° (0 3 g.).* 
A ction  o f Acetic A nhydride on ( +  )-8 '-Mg/Ay/-1 , 1  '- 6 f- 
naphthyl-8-carboxylic A c id .—The acid (10  g.) dissolved in 
acetic anhydride (20 c.c.) was boiled for 5 hr. On cooling, 
the m ixed anhydride, colourless needles (0-7 g.), m. p. 120— 
121°, was deposited (Found: C, 81 5; H, 4 9; O, 13 6 . 
C2 4 H 1 8 O 3  requires C, 81 3; H, 5 1 ; O, 13-5%). If boiling 
of the above solution was continued for 1 0  hr. in all, on
concentration \8-methyldibenz{pi,'k\]anthracen-l-one, m. p. 
158— 159°, was deposited (Found: C, 89-75; H, 4-6; O, 
5-5. requires C, 89-75; H, 4-8; 0 ,5 -4 % ); strong
infrared peak a t 1633 cm."'.
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